This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


THE 

WORKS 


OF 


JOHN  PLAYFAIR,  ESa 

&c.  &c.  &c. 


Printed  by  George  Ramny  and  Compuiy. 


ADVERTISEMENT. 


In  the  following  Volumes  are  contained 
all  tlie  publications  to  which  Mr  Play- 
fair  affixed  his  name,  with  the  excep- 
tion of  the  Elements  of  Geometry,  and  of 
the  Outlines  of  Natural  Philosophy,  which 
were  intended  only  for  the  use  of  Students, 
and  although  excellently  adapted  to  their 
object,  would  possess  but  little  interest  for 
the  general  reader. 

To  Mr  Play  fair's  acknowledged  works 
has  been  added  a  selection  from  his  con- 
tributions to  the  Edinburgh  Review ;  those 
articles  being  chosen  which  contain  a  dis- 
cussion of  the  higher  parts  of  Physical 
Science,  rather  than  of  the  merits  of  any 
individual  Author* 

Some  few  papers  which  were  too  valu- 
able to  be  suppressed,  although  not  so 
highly  finished  as  to  be  published  sepa- 
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rately,  have  been  united  to  the  Biographi- 
cal Memoir,  which  is  prefixed  to  this  Vo- 
lume. The  admirable  dehneation  of  Mr 
Playfair's  Character,  which  forms  the 
conclusion  of  that  Memoir,  is  from  the 
pen  of  F  BANC  IS  Jeffrey,  Esq- ;  and  in  the 
Appendix  will  be  found  a  Letter  on  the 
same  subject  by  Mr  Dugald  Stewart, 
For  the  remainder  of  the  Memoir,  and 
for  the  execution  of  the  whole  Work,  the 
Editor  is  alone  responsible, 

James  G,  Playfair. 


EdinbubgHj  Jan.  8,  I82S. 
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John  Platfair  was  the  eldest  son  of  the  Rever- 
end James  Play  fair,  minister  of  Benvie  in  Forfar- 
shire, and  was  born  at  that  pLice  on  the  10th 
March  1748- 

He  was  educated  at  home  by  his  father  till  he 
reached  the  age  of  fourteen,  when  he  was  sent  to 
the  University  of  St  Andrew's,  to  prosecute  his  ge- 
neral studies,  and  to  qualify  himself  for  the  church ; 
the  profession  for  which  he  was  intended*  Here 
his  genius  and  uncommon  application  to  study  soon 
attracted  the  notice,  and  gained  him  the  friendship, 
of  his  instructors.  So  remarkable,  indeed,  was 
his  progress  in  the  mathematical  sciences,  that  Pro- 
fessor Wilkie,  when  confined  by  illness,  selected  him 
as  the  person  best  qualified  to  deliver  the  Lectures 
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on  Natural  Philosophy ;  and,  notwithstanding  the 
great  disparity  of  years  between  the  Professor  and 
the  student,  they  became  intimate  friends. 

In  the  year  I766,  he  distinguished  himself  in  a 
still  more  public  manner,  as  a  candidate  for  the  Pro- 
fessorship of  Mathematics  in  the  Marischal  College 
of  Aberdeen  ;  and,  although  only  eighteeut  sustain- 
ed with  the  greatest  credit  a  trial  which  lasted  eleven 
days.  Of  six  candidates,  two  only  stood  before  him, 
the  Reverend  Dr  Traill,  who  was.  appointed  to  the 
chair,  and  Dr  Hamilton,  who  now  fills  it.  The  fol- 
lowing extract  from  the  conditions  presented  to  the 
candidates  before  the  trial,  will  show  the  extent  of 
mathematical  knowledge  requisite  to  afford  any  hope 
of  success. 

^'  Each  of  the  candidates  is  to  demonstrate  some 
of  the  propositions  in  each  of  the  first  six  books  of 
Euclid,  and  any  of  the  first  twenty-two  propositions 
of  the  eleventh  book.  The  candidates  are  to  demon- 
strate propositions  in  plane  and  spherical  trigonome- 
try, and  to  apply  the  propositions  to  the  actual  solu- 
tion of  cases,  and  to  explain  the  orthographic,  stere- 
ographic,  and  gnomonic  projections  of  the  sphere. 
They  are  further  to  explain  the  genesis  of  the  three 
conic  sections^  and  to  demonstrate  their  capital  pro- 
perties. The  candidates  are  to  have  questions  put 
to  them  relating  to  the  principles  of  algebra,  the  na- 
iure  and  composition  of  equations,  and  their  resolu- 
tion by  the  method  of  divisors,  and  other  methods } 
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le  arithnietic  of  surds,  the  composition  of  powers^ 
and  extraction  of  roots,  the  doctrine  of  ratios,  the 
method  of  exhaustion  as  used  by  the  ancients,  the 
method  of  indivisibles,  the  arithmetic  of  infinites, 
the  doctrine  of  prime  and  ultimate  ratios,  and  the 
method  of  fluxions,  direct  and  inverse,  the  nature 
of  logarithms,  and  the  expression  of  fluents  by  the 
measures  of  ratios  and  andes/*  * 

It  must  be  allowed  that  no  ordinary  union  of  in- 
dustry, and  of  talent,  was  requisite  to  attain  such  an 
extensive  knowledge  of  mathematics  at  so  early  a 
period  of  life. 

In  lyCy,  having  finished  his  studies,  he  quitted 
the  University,  and  for  some  years  spent  much  of  his 
time  in  Edinburgh,  chiefly  in  the  society  of  Dr  Ro- 
bertson the  historian,  Aduni  Smith,  Dr  Matthew 
Stewart,  Dr  Black,  and  Dr  Hutton. 

It  would  appear  from  letters  published  in  the  Life 
af  the  late  Principal  Hill,  that,  during  this  time,  Mr 
Playfair  had  twice  hope^  of  obtaining  a  permanent 
situation.  The  nature  of  the  first,  which  oflfered  it- 
self in  1769*  is  not  there  specified,  and  is  not  known 


•  The  parti cukr  questions  prttposed  to  the  catididatcs  for 
solution^  were  such  as  to  require  a  complete  command  of  each 
of  the  subjects  above  enumerated » 

We  have  to  acknowledge  the  kindness  of  Dr  Hamilton  and 
I>r  Brown  of  Aberdeen^  for  an  aoooimt  of  the  trial,  as  pr©- 
terved  in  the  records  of  the  University. 
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>  to  any  of  his  own  family ;  the  second  was  the  Pro^ 

pfessorship  of  Natural  Philosophy  in  the  University 
of  St  Andrew's,  vacant  by  the  death  of  his  friend 
Dr  Wilkle,  which  took  place  in  1772.  In  this, 
which  he  earnestly  desired,  and  for  which  he  was 
eminently  qiialifiedt  he  was  disappointed ;  **  the  si- 
tuation,*' to  use  the  words  of  Ur  Cook,  **  being  con- 
ferred upon  another  gentleman,  one  of  then*  owa 
number,  who  had  so  powerful  a  claim  upon  them, 

[that  Lord  Kinnoul  mentions  to  Mr  Hill,  that,  had 
*Mr  Playfair  known  of  the  wish  of  this  gentleman  to 
succeed  Dr  Wilkie,  he  would  not  have  become  a 

I  candidate.** 

In  the  course  of  the  same  year  this  object  was 
rendered  stili  more  desirable,  by  the  death  of  his 
father,  an  event  which  devolved  upon  him  the  charge 
of  his  mother  and  family,  of  whom  one  brother  only 
was  sufficiently  advanced  to  be  independent*  Near- 
ly a  year,  however,  elapsed  before  his  wishes  were 
accomplished ;  for  although  Lord  Gray  immediately 
presented  him  to  his  Hither's  livings  of  Liff  and 
Benvie,  yet  that  nobleman's  right  of  presentation 
was,  in  this  instance,  disputed  by  the  Crown  Law- 
yers :  and  it  was  not  till  August  1773  that  he  ob- 
tained possession  by  a  resolution  of  the  General  As- 
sembly of  the  Church,  for  which  he  was  chiefly  in- 
debted to  the  strenuous  support  of  his  ftiend  Dr 
Robertson.  The  legal  question  continued  long 
dependent  before  the  Court  of  Session,   but   was 
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Anally  decided  in  favour  of  Lord  Gray,  by  wHch  bis 
nomination  was  confirmed, 

Mr  riaylair  now  became  resident  at  Liff,  where 
he  devoted  the  chief  part  of  his  time  to  the  duties 
of  his  charge,  composing  for  it  many  sermons  in  the 
simple  and  convincing  style  of  eloquence  by  which 
his  writings  are  so  strongly  characterized  j  while  his 
leisure  hours  were  filled  up  with  the  superintendence 
of  the  education  of  his  brothers,  and  the  prosecution  of 
his  own  studies.  His  correspondence  of  this  date,  with 
his  friend  Mr  llobertson,  (now  Lord  Robertson,) 
shows  a  most  remarkable  extent  of  reading,  and  con- 
tains a  discussion  of  the  merits  and  opinions  of  Mac- 
chiavelli,  Locke,  Leibnitz,  Helvetius,  Reid,  Sextus 
Empiricus,  Plato,  Bacon,  Price,  Cud  worth,  Boscovich, 
Priestley,  Johnson,  Beat  tie,  and  Hartley  ;  an  ac- 
count and  refutation  of  the  attempt  to  explain  gra* 
vitation  by  an  ethereal  fluid,  and  many  ingenious 
observations  upon  the  geography  and  the  singular 
social  institutions  of  the  South  Sea  Islands,  then  re- 
Gently  discovered.  ♦ 

Beside  occasional  visits  to  Edinburgh,  he  made 
an  excursion  in  177^  to  Perthshire,  where  Dr  Mas- 
kelyne  was  then  engaged  in  ^  set  of  experiments  on 
the  eflect  of  mountains  in  disturbing  the  direction 
of  the  plumb-line ;  and  during  a  short  stay  on  the 


*  For  the  perusal  of  these  very  interesting  letter s,  imd  Ibr 
permission  to  make  use  of  the  infomiation  contained  in  them, 
we  are  indebted  to  the  kintlness  of  Lord  Robertson, 
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ing  the  Elements  of  Geometry  as  he  taught  them  in 
his  class.  The  chiefpeculiarity  of  it  is,  the  introduc- 
tion of  algebraic  signs  in  the  fifth  book,  in  order  to 
render  the  proportions  more  compact,  and  consequent- 
ly more  easily  followed  by  the  eye.  To  the  first  six 
books  of  Euclid,  thus  modified,  were  added  by  Mr 
Playfair  three  containing  the  rectification  and  qua- 
drature of  the  circle,  the  intersection  of  planes, 
and  the  geometry  of  solids;  then  follow  Plane 
and  Spherical  Trigonometry,  with  the  Arithmetic 
of  Sines.  The  notes,  which  are  peculiarly  valu- 
able,  are  thrown  into  the  form  of  an  appendix,  and 
contain  the  author's  reasons  for  the  alterations  made 
in  the*  various  parts  of  the  volume,  and  a  discussion 
of  the  difficult  subject  of  parallel  lines.  It  is  wor^ 
thy  of  notice,  as  a  proof  of  the  high  estimation  in 
which  this  work  is  generally  held,  that  it  has  gone 
through  five  editions  of  a  thousand  copies  each ;  and 
that  four  of  these  editions  were  called  for  while  it 
was  not  taught  in  the  University  of  Edinburgh. 

During  the  winter  of  1797>  while  confined  by  a 
severe  attack  of  rheumatism,  he  amused  himself  by 
keeping  a  journal  of  his  studies,  from  which  it  ap- 
pears, that  Physical  Geography  and  Climate,  the 
law  which  regulates  the  decrease  of  temperature  ob- 
8ei*ved  in  ascending  into  the  higher  regions  of  the 
atmosphere,  and  the  influence  of  that  decrease  on 
barometrical  measurements,  were  the  favourite  ob- 
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jects  of  his  attention.  His  less  serious  pursuits  con- 
sisted in  reading  voyages  and  travels,  in  sketching 
an  analytical  treatise  on  the  Conic  Sections,  and  in 
composing  an  Essay  on  the  accidental  discoveries 
which  have  been  made  by  men  of  science,  whilst  in 
pursuit  of  something  else,  or  when  they  had  no  de- 
terminate object  in  view.  At  this  time,  also,  were 
written  the  Ohsen'ations  on  the  Trigonometrical  Ta- 
bles  of  the  Brahmins,  and  the  Theorems  relating  to 
the  Figure  of  the  Earth,  afterwards  published  in  the 
J  Transactions  of  the  Royal  Society  of  Edinburgh, 

In  the  spring  of  the  same  year,  however,  a  new 
direction  was  given  to  his  thoughts,  by  the  death  of 
his  esteemed  friend  Dr  James  Hutton,  of  whose 
I  works  he  began  to  draw  up  an  abstract,  with  a  view 
I  to  the  composition  of  a  biographical  memoir;  an  oc- 
rcupation  which  eventually  gave  birth  to  the  Illnstra- 
[tions  of  the  Huttonian  Theory  of  the  Earth* 

Two  powerful  reasons  concurred  to  induce  Mr 
Playfair  to  present  his  friend's  theory  to  the  world 
in  a  form  different  from  the  original*     The  pecu- 
I  liar  style  of  composition  and  arrangement  adopted 
\  by  Dr  Hutton,  both  in  the  sketch  published  in  the 
I  Transactions  of  the  Royal  Society  of  Edinburgh, 
and  in  the  more  extended  work  which  followed,  ren- 
dered his  theoiy  less  intelligible,  and   much   less 
known  than  its  merits  deserved.     The  same  cause 
gave  rise  to  many  misrepresentations  and  attacks 
from  the  few  who  had  read  it.     To  afford  a  clear 
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expositioli  of  the  theory,  and  to  repel  these  attacks, 
were  the  objects  of  the  Ulustrations,  and  from  which 
that  work  derived  the  form  in  which  it  appeared  ; 
namely,  a  series  of  chapters  stating  the  positions  of 
the  Huttonian  theory,  the  facts  which  make  for  it, 
and  the  arguments  which  have  been  urged  against 
it.  With  what  success  this  was  attended  we  may 
judge  fi'om  the  fame  and  credit  which  have  been  at- 
tained by  the  theory,  which,  but  for  its  commentary^ 
seemed  likely  to  be  known  only  through  the  erro* 
neous  statements  of  its  opponents. 

We  have  often  heard  the  Illustrations  quoted  as  a 
model  of  purity  of  diction,  simplicity  of  style,  and 
clearness  of  explanation  j  but  with  a  regret,  that 
fiuch  powers  were  employed  on  a  subject  so  unsatis- 
factory as  a  theory  of  the  earth.     But  the  Hutto- 
nian theory,  contented  to  explain  the  changes  which 
take  place  in  the  crust  of  the  globe,  is  wholly  free 
from  the  reproach  so  justly  attached  to  those  which 
extend  to  tlie  original  creation  of  the  world ;  and  it 
is  remarkable  as  the  only  one  which  agrees  with  phy- 
sical astronomy,  in  assigning  to  our  system  a  prin- 
ciple of  compensation  which  leaves  its  duration  li- 
mited only  by  the  will  of  its  Creator.     If  it  is  in- 
tended to  censure  as  uophilosophical  every  attempt 
to  explain  the  structure  of  the  earth,  we  should  sug- 
gest that  some  respect  was  due  to  a  study  which 
found  favour  with  such  men  as  Huttou,  Black,  and 
PI  ay  fain 


THB  LATE  PIIOFESSDB  FLAYFAIR. 

No  less  than  five  years,  from  1797  to  1802,  had 
been  occupied  in  writing  the  Ilhistrations,  and  it  was 
not  till  1803,  that,  in  the  Transactions  of  the  Royal 
Society  of  Edinburgh  appeared  the  Biographical 
Sketch,  in  which  Mr  Playfair  did  ample  justice  to 
the  powerful  and  comprehensive  talents  of  his  friend. 
It  was,  indeed,  a  subject  calculated  to  call  forth  his 
highest  powers ;  his  kinduess  of  heart,  and  bis  adniira* 
tion  of  genius,  both  conspired  to  animate  his  pen,  of 
which  it  is  perhaps  one  of  the  finest  productions* 

In  1805,  he  quitted  the  Mathematical  chair,  to 
succeed  Professor  John  Robison  in  that  of  Natural 
Philosophy.     As  Professor  of  Mathematics  he  had 
exerted  himself  to  the  utmost  to  inspire  his  students 
with  a  taste  for  the  science  5  and  as  the  most  effec- 
tual mode  of  doing  so,  and  at  the  same  time  of  as* 
certaining  their  progress  while  under  his  own  care, 
he  proposed  numerous  exercises  for  solution,  and  re- 
warded the  diligent  by  naming  them  before  the  class. 
In  this  way  he  encouraged  habits  of  investigation  of 
.the  greatest  value,  even  to  those  who  regarded  ma- 
Lthematics  only  as  a  part  of  their  general  education  ; 
I  while,  for  the  benefit  of  those  who  wished  to  culti- 
ivate  the  higher  branches  of  the  science,  he  taught  at 
intervals  a  third  class,  rendered  doubly  valuable  by  his 
intimate  and  masterly  knowledge  of  the  modern  ana* 
lysis,  at  that  time  so  little  attended  to  in  Britain* 
This  class  was  attended  by  many  who  had  long  finish- 
ed their  academical  studies,  and  who  testified  their 
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sense  of  obligation  to  their  instructor  by  presenting 
him  with  a  valuable  astronomical  circle,  now  placed 
in  the  observatory  of  the  Astronomical  InstitutioE, 

The  extensive  subject  oT  natural  philosophy  upon 
which  he  was  now  to  enter,  afforded  him  an  oppor- 
tunity of  displaying  more  fully  those  qualities  which 
rendered  his  lessons  at  once  so  instructive  and  so  at- 
tractive.  His  lectures  on  the  appearances  of  the  pla- 
netary system  were  distinguished  for  their  eloquence, 
while  the  most  abstruse  propositions  of  physical  astro-* 
nomy  and  of  optics  were  established  by  demonstra- 
tions of  a  simple  and  elementary  nature.  He  pos* 
sessed,  indeed,  in  a  degree  rarely  to  be  met  with, 
the  art  of  facilitating  to  others  the  attainment  of 
that  knowledge  which  he  had  himself  acquired  by 
profound  study. 

His  appointment  having  taken  place  in  spring,  he 
retired  during  the  summer  to  Burntisland,  a  village  in 
the  neighbourhood  of  Edinburgh,  that  he  might  de- 
vote his  %vhole  attention  to  the  preparation  of  his 
lectures.  His  mother  had  died  in  the  preceding 
year,  and  his  eldest  sister  having  quitted  him,  hia 
family  now  consisted  of  his  youngest  sister  and  two 
nephews  J  one  already  mentioned,  and  a  younger 
brother^  whom  he  had  also  taken  under  his  own 
care. 

The  well  known  disputes  which  took  place  con- 
cerning the  appointment  of  a  successor  to  Mr  Play- 
fair,  induced  him  to  address  the  Lord  Provost,  as 
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chief  patron  of  the  University,  in  an  animated  letter, 
vindicating  the  rights  of  science  j  in  consequence  of 
which,  in  the  controversy  that  ensued,  an  attack  was 
made  upon  himself,  which  could  not  be  passed  over 
in  silence,  aud  which  he  repelled,  in  an  answer  re- 
markable for  keenness  of  retort  and  force  of  reason- 
ing-  This  unpleasant  interruption  being,  however, 
soon  at  an  end,  he  returned  to  studies  more  con- 
genial to  his  feelings ;  the  investigations  which 
gave  rise  to  the  essays  on  the  Solids  of  greatest  at- 
traction, and  on  the  Progress  of  .heat  in  splierical 
bodies,  which  appeared,  at  a  later  period,  in  the 
Transactions  of  the  Royal  Society  of  Edinburgh* 
During  this  time,  also,  he  presented  to  the  Royal 
Society  of  London  (of  which  he  had  been  elected 
a  Fellow  in  I8O7)  the  account  of  the  Lithological 
Survey  of  Schehallien. 

In  1814/he  published,  for  the  use  of  his  students. 
Outlines  of  Natural  Philosophy,  in  two  volumes  oc- 
tavo, nie  first  volume  treats  of  Dynamics,  Me- 
chanics, Hydrostatics,  Hydraulics,  Aerostatics,  and 
Pneumatics  ;  the  second  is  entirely  devoted  to  As- 
tronomy. Optics,  Electricity,  and  Magnetism,  were 
to  be  comprised  in  a  third  volume,  which  would  have 
completed  the  workj  but  was  never  executed.  Being 
intended  to  present  merely  an  outline  of  natural 
philosophy,  the  propositions  are  in  general  given 
without  demonstrations,  but  with  a  reference  to  the 
more  extended  works  in  which  these  are  to  be  found } 
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and,  in  every  case,  is  subjoined  the  formula  by  which 
the  result  may  be  applied  to  practice.  In  the  fol- 
lowing year  appeared,  in  the  Transactions  of  the 
Royal  Society  of  Edinburgh,  the  Life  of  Professor 
Robison,  who  had  been  his  predecessor  in  the  office 
of  Secretary  to  that  institution,  of  which  Mr  Play- 
fair  was  a  most  active  and  zealous  supporter.  Upon 
him  chiefly  devolved  the  task  of  arranging  and  pub- 
lishing its  Transactions,  which  he  enriched  with  nu- 
merous papers,  and  a  set  of  meteorological  tables, 
from  his  own  observations,  since  quoted  by  Hum- 
boldt, in  the  work  on  Isothermal  Lines,  as  of  the 
greatest  value. 

Besides  the  various  publications  just  mentioned, 
and  numerous  contributions  to  the  Edinburgh  Re- 
view, two  works  of  great  importance  had  for  some 
years  occupied  Mr  Playfair's  most  serious  attention. 
One  of  these  was  the  Dissertation  on  the  Progress 
of  Mathematical  and  Physical  Science  since  the  Re- 
vival of  Letters  in  Europe,  written  for  the  Supple- 
ment to  the  Encyclopedia  Britannica ;  and  publish* 
ed  in  that  work  in  1816.  The  other,  which  was  the 
6rst  conceived,  but  interrupted  in  the  execution  by 
the  Dissertation,  was  a  second  edition  of  the  Illus« 
trations  of  the  Huttonian  Theory  of  the  Earth.  This 
edition,  of  much  greater  magnitude  than  the  former, 
was  likewise  completely  di£Perent  in  the  arrangement 
of  its  contents.     It  was  intended  to  commence  with 

a  description  of  all  the  well  authenticated  facts  in 
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geology  collected  during  his  extensive  reading  and 
personal  observation,  without  any  mixture  of  hypo* 
thesis  whatever.  To  this  followed  the  general  in- 
ferences which  may  be  deduced  from  the  facts,  an 
examination  of  the  various  geological  systems  hi* 
therto  offered  to  the  world,  and  the  exclusion  of 
those  which  involved  any  contradiction  of  the  prin- 
ciples previously  ascertained ;  while  the  conclusion 
would  have  presented  the  dcvelopement  of  the  sys- 
tem adopted  by  the  author,  and  the  application  of  it 
to  explain  the  phenomena  of  geology*  It  must  be 
viewed  by  every  one  as  a  great  loss  to  science  that 
this  design  was  never  completed,  for  such  an  analysis 
of  voyages  and  travels,  such  a  description  of  geologi- 
cal phenomena,  such  a  system  of  physical  geogmphy, 
as  would  have  been  contained  in  the  first  division  of 
this  work,  we  can  scarcely  hope  to  see ;  and  where 
is  to  be  found  the  geologist  who  will  bring  to  the 
execution  of  the  theoretical  part,  the  candour  in  the 
Morch  of  truth,  the  habits  of  accurate  reasoning,  and 
the  power  of  employing  the  mathematical  sciences 
as  a  test  of  the  soundness  of  his  conclusions,  all  pos- 
sessed in  so  high  a  degree  by  Mr  Play  fair?  Quali- 
ties which  have  stamped  his  geological  speculations 
with  this  peculiar  character,  that,  whether  we  are 
disposed  entirely  to  adopt  them  or  not,  we  are  ccr- 
tam  that  they  contain  nothing  inconsistent  with  the 
laws  of  the  physical  world :  a  character  by  which, 
VOL,  I.  c 
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perhaps^  more  than  any  other,  they  are  distinguish- 
ed from  those  of  geologists  in  general. 

The  prosecution  of  his  geological  studies  led  Mr 
Playfair  to  spend  a  portion  of  the  summer  vacation, 
almost  every  year,  in  travelling  through  the  more  in- 
teresting districts  of  England,  Scotland,  and  Wales, 
of  which  he  thus  acquired  a  most  accurate  know 
ledge.  These  researches  he  had'  long  been  desirous 
of  extending  to  the  Continent,  and  had,  in  1802, 
nearly  completed  arrangements  to  that  effect,  when 
the  sudden  renewal,  and  long  continuance  of  the 
war,  destroyed,  to  all  appearance,  every  prospect  of 
accomplishing  his  wishes.  He  then  turned  his  at- 
tention to  Ireland,  and  had  visited  Dublin  and  the 
Giant's  Causeway,  when  the  general  peace  of  1815 
enabled  him  to  resume  his  former  plan  of  an  exten- 
sive journey  through  France  and  Switzerland ;  to  be 
prolonged,  if  he  could  obtain  leave  of  absence  for  a 
winter,  to  the  southern  extremity  of  Italy.  To  ex- 
amine the  geological  structure  of  such  an  extent  of 
country  was  no  small  undertaking  at  the  age  of  six- 
ty-eight i  but  by  regular  exercise  and  frequent  ex- 
cursions, Mr  Playfair  had  preserved  a  degree  of  ac- 
tivity and  a  power  of  exertion  rarely  to  be  met  with 
in  literary  men  at  a  much  earlier  period  of  life,  while 
he  was  relieved  from  the  details  of  tlie  journey  by 
hii  eldest  nephew,  then  just  returned  from  a  resid- 
ence of  some  years  in  the  Mediterranean. 
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The  following  account  of  the  journey  is  given 
at  considerable  length  as  the  only  memorial  of  ob- 
servations from  which  so  much  was  to  be  expect- 
ed, and  is  drawn  up  from  Mr  Playfair's  notes, 
made  in  pencil  on  the  spot.  The  greater  part 
of  these,  as  he  seldom  wrote  down  the  reasonings 
suggested  by  the  facts  which  he  observed,  how- 
ever interesting  they  might  have  been  when  in- 
corporated with  the  second  edition  of  the  Hut^ 
tonian  Theory,  for  which  they  were  intended, 
would  here  present  a  dry  detail  of  the  names  of 
rocks,  and  the  position  of  strata ;  but  wherever 
the  information  they  contain  is  either  new,  or  of 
superior  accuracy,  it  has  been  extracted,  and,  if 
necessary,  given  in  his  own  words.  The  conver- 
sations and  intercourse  which  passed  between  him 
and  the  many  individuals  of  distinction  with  whom 
he  became  acquainted,  are  passed  over  in  silence,  as, 
however  interesting  they  might  prove,  they  could 
not  be  made  public  without  a  breach  of  confidence; 
which,  although  not  unfrequently  committed  by  tra- 
vellers, is  both  reprehensible  in  itself,  and  injurious 
to  society. 

Of  his  residence  during  six  weeks  at  Paris,  we 
have,  therefore,  little  to  remark,  except  the  ease  with 
which,  after  every  introduction,  the  transition  was 
made  from  the  first  sentences  of  ceremonious  wel- 
come, to  the  free  exchange  of  opinions  on  every 
subject.  To  this  the  language  presented  no  ob- 
stacle; extensive  reading  enabled    Mr  Play  fair  to 
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express  himself  freely  in  French  on  subjects  of 
sdence,*  and  it  was  only  in  the  lighter  cpnyersa- 
tion,  and  in  the  common  occurrences  of  life,  that 
he  required  any  assistance.  Besides  the  enjoyment 
of  society,  and  the  objects  of  general  interest  so  nu- 
merous in  that  metropolis,  he  found  an  opportunity 
of  studying  the  minerals  and  rocks  of  France  in  the 
museum  of  the  Ecole  des  Mines ;  and  had  the  plea- 
sure of  examining  the  basin  of  Paris  in  company 
with  Cuvier  and  Brongniart,  the  porphyries  and  vol- 
canic productions  of  the  Andes  with  Humboldt  and 
Bonpland.  It  would,  indeed,  be  a  most  culpable 
omission,  were  we  not  to  record  the  strong  sense  en- 
tertained by  Mr  Playfair  of  the  flattering  reception 
and  kind  attention  he  experienced  from  the  literary 
and  scientific  society  of  Paris. 

From  Paris  he  proceeded  by  Fontainebleau,  Dijon, 
Besan9on,  and  Pontarlier,  to  NeuchlU;el  in  Switzer- 
land. This  line  of  road  presents  nothing  remark- 
able, and  it  was  only  on  entering  the  Val  Travers  in 
Mont  Jura,  that  he  met  with  a  phenomenon,  cu- 
rious in  itself,  and  which  had  often  engaged  his  atten- 
tion, namely,  the  existence  of  loose  blocks  of  granite, 
gneiss,  and  mica  slate,  on  the  surface  of  a  chain  of 
mountains  entirely  calcareous.  They  first  appeared 
within  the  French  frontier  on  the  western  declivity  of 
Jura,  and  numbers  are  scattered  all  the  way  through 
the  defiles  to  Neuch&teU  The  laigest  and  most 
striking  of  them,  the  Pierre  Abot,  (so  named  from 
the  farm  in  which  it  is  ritnated,)  lies  concealed  in 
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a  wood  upoD  the  rapid  slope  of  a  hilt,  at  an  eleva* 
tion  of  at  least  700  feet  above  that  town,  and  mea- 
sures 64  feet  in  length,  32  in  breadth,  and  16  in 
height*  It  contains,  therefore,  32768  cubic  feet, 
which  (allowing  13  cubic  feet  of  granite  to  a  ton) 
gives  a  weight  of  '^520  tons. 

When  we  consider  that  the  nearest  point  where 
the  granite  is  to  be  found  in  its  native  place,  is  at  a 
distance  of  70  miles,  it  will  appear  no  easy  matter 
to  assign  a  conveyance  by  which  this  block  could 
have  performed  such  a  journey  over  iDtciTening  hills 
and  vallies  without  considerable  injury.  A  current 
of  water,  however  powerful,  could  never  have  carried 
it  up  an  acclivity,  but  would  have  deposited  it  in 
the  first  valley  it  came  to,  and  would  in  a  much  less 
distance  have  rounded  its  angles,  and  given  to  it  the 
ehape  so  characteristic  of  stones  subjected  to  the  ac- 
tion of  water*  A  glacier,  which  fills  up  vallies  in 
its  course,  and  which  conveys  the  rocks  on  its  surface 
free  from  attrition,  is  the  only  agent  we  now  see  ca- 
pable of  transporting  them  to  such  a  distance,  with- 
■  out  destroying  that  sharpness  of  the  angles  so  dis- 
tinctive of  these  masses.  That  mountains  formerly 
existed  of  magnitude  sufficient  to  give  origin  to  such 

I  extensive  glaciers,  is  countenanced  by  other  pheno- 
mena observed  in  the  Alps,  and  does  not  imply  any 
alteration  in  the  surface  so  great  as  the  supposition 
of  a  continued  declivity  between  the  two  extreme 
points,  which  is,  after  all,  insufficient  to  remove  the 
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objection  aiising  from  the  sharp  angles  of  these 
rocks. 

From  Neuchatel>  Mr  Playfair  prosecuted  his  jour- 
ney  through  the  low  country  of  Switzerland  by 
Bienne,  Soleure,  Arau,  and  Baden,  to  Schaffhausen, 
at  its  northern  extremity,  and  thence  proceeded  to 
Geneva,  passing  through  Zurich,  Lucerne,  Berne, 
Morat,  and  Lausanne.  From  Lucerne  he  intended 
to  make  an  excursion  among  the  mountains,  but  the 
unceasing  rains  rendered  the  attempt  hopeless,  and 
he  was  compelled  to  give  it  up,  after  a  delay  of  eight 

'  days*  The  same  cause  obliged  him  to  forego  one  of 
the  great  objects  of  a  visit  which  he  made  to  the  val- 
ley of  Chamouni,  soon  after  his  arrival  at  Geneva. 
Afi;er  enjoying  two  fine  days  while  examining  the 
valley  and  its  environs,  he  set  out  to  visit  the  rocks 
which  have  been  the  subject  of  so  much  discussion 
under  the  name  of  the  puddingstone  of  Valorslne } 
but  a  thunder-storm,  with  heavy  rain  and  dense  mist, 
came  on  while  he  was  on  a  high  plain  to  the  left  of 

^the  Col  de  Balme»  and  it  was  not  without  much  dif- 
ficulty, after  a  search  of  more  than  an  hour,  that  the 
guide  regained  the  path  which  led  back  to  the  val- 
ley of  ChamounL  This  bemg  accomplished,  he 
remained  all  night  in  a  cottage  at  the  village  of  La 
Tour,  and  proceeded  next  morning  by  the  Tete 
Noire  to  Trient,  and  thence  to  ^Martigny  in  the 
Valais.  At  Trient  he  had  the  satisfaction  of  find- 
ing  several  fiiUen  masses  of  the  rocks  which  he  had 


wished  to  examine,  and  which  are  situated  ebovc 
Trient  at  a  height  of  nearly  3000  feet.  The  fol- 
lowing are  his  own  notes  made  at  the  time  :  **  They 
are  decided  puddingstones  ;  the  included  stones  are 
rounded  and  water  worn,  consisting  chiefly  of  felds- 
path,  quaitz,  and  petrosilex.  Nobody  can  possibly 
mistake  them  for  any  thing  but  an  agglomerate  of 
the  kind  just  mentioned^  I  saw  none  of  them  in 
their  place,  but  one  block  was  so  large  as  to  show 
that  the  stratification  was  vertical.  The  cementing 
^  substance  is  a  mica  slate,  and  it  appears  that  the 
planed  o£  the  mica  are  parallel  to  those  of  the  beds 
of  the  stone/* 

Although  he  did  not  see  the  rock  in  its  native 
bed,  there  could  not  be  any  mistake  as  to  its 
identity;  for  his  guide  was  old  Balma,  the  com- 
panion of  Saossure,  and  who  pointed  out  very 
precisely,  in  this  excursion,  specimens  of  various 
minerals,  with  the  names  given  to  them  by  that  au- 
thor* Mr  Playfair  and  Balma  derived  much  plea- 
sure from  the  society  of  one  another,  and  parted 
with  mutual  regret.  The  works  of  Saussure  had 
been  studied  by  Mr  Playfair  for  years,  and  he  was, 
as  it  were,  already  well  acquainted  with  Biilma,  who, 
on  the  other  hand,  was  delighted  at  meeting  with 
one  who  possessed  that  knowledge  which  he  esteem- 
ed most  highly,  and  who  was  animated  by  a  similar 
admiration  for  his  late  master.  It  is  but  justice  to 
the  family  of  M.  de  Saussure  to  add,  that  Balma, 
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although  he  etill  follows  the  occupation  of  a  guided 
is  considered  by  them  as  under  their  protection, 
from  which  he  can  at  any  time  derive  whatever  as- 
sistance he  may  require.  From  Martigny  Mr  Play- 
fair  returned  to  Geneva,  by  St  Maurice  and  the 
eastern  side  of  the  lake. 

The  season  was  now  far  advanced,  and  he  had 
the  prospect  of  returning  home  without  having  been 
able  to  visit  any  of  the  central  portion  of  the  Alps, 
when  he  received  a  letter  from  the  Lord  Provost  of 
Edinburgh,  granting  him  leave  of  absence  for  the 
ensuing  winter  :  this,  in  fact,  left  him  at  liberty  for 
a  year,  enabling  him  to  accomplish  his  wish  of  pass- 
ing the  winter  in  Italy,  and  of  revisiting  Switzer- 
land and  France  in  the  following  sumraen  His 
academical  duties  had  been  readily  undertaken  by 
his  colleague,  Professor  Leslie. 

After  a  residence  of  nearly  a  month,  during  wliich 
he  had  renewed  many  agreeable  acquaintances  foim- 
ed  in  Edinburgh,  Mr  Playfair  quitted  Geneva  to  en* 
ter  Italy  by  the  Simplon.  The  road,  which,  as  ftir  as 
Martigny,  he  had  already  seen  on  his  return  from 
Chamouni,  continues  throughout  in  the  Valais,whei*e, 
as  in  all  the  longitudinal  vallies  of  a  country  construct- 
ed on  such  a  vast  scale,  the  strata  present  little  or  no 
variety.  Much  of  the  ascent  of  the  Siraplon,  from 
the  Swiss  side,  lies  upon  a  tender  schistus,  subject  to 
great  slips,  equally  injurious  whether  they  take  place 
above  or  below  the  road,  and  very  difficult  to  coujr 
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trol.  Upon  the  schistus  rests  a  Btrong  gneiss,  of 
which  tlie  beds  are  often  broken  in  pieces  by  their 
own  weiglit,  when  deserted  by  the  feeble  rock  be- 
low. On  the  south  side  the  road  sinks  rapidly  down 
to  the  bed  of  the  Vedro,  which  it  follows  through  a 
succession  of  wild  and  singular  defiles,  between  perpen- 
dicular cliffs  of  great  heightj  where  all  the  accidents 
to  which  hard  rocks  are  subject  are  fully  exemplified. 
On  the  Swiss  side,  the  excellence  of  the  line  of  road 
is  entirely  doe  to  the  skill  of  the  engineers  who 
traced  it;  on  the  Italian  side  its  course  was  pointed 
out  by  the  river^  but  the  difficulties  to  be  overcome, 
and  the  works  to  be  executed,  were  of  much  greater 
magnitude  ;  the  galleries  cut  through  the  solid  rock, 
(gneiss,)  three  in  number,  being,  together,  not  less 
than  900  feet  in  length,  every  where  30  feet  in 
height,  and  25  feet  in  width. 

At  Baveno,  on  the  Lago  Maggiore,  are  extensive 
quarries  of  a  beautiful  pale  red  granite,  much  em* 
ployed  in  the  public  buildings  at  Milan,  and  which 
have  often  been  cited  as  affording  an  instance  of 
the  stratification  of  that  rock.  The  external  surface 
is  undoubtedly  marked  with  the  appearance  of  seams, 
but  no  one  of  them  can  be  traced  to  any  extent, 
and  where  the  rock  is  cut  into  by  the  operations  of 
the  quany,  they  disappear  altogether*  This  is  a 
complete  proof  that  they  are  accidental  marks,  pro* 
duced  by  external  causes,  as  it  is  well  known  that 
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true  BtratificatioQ  is  more  distinct  in  the  interior  than 
at  the  surface. 

At  Milan,  he  found  ample  occupation  in  the  col* 
lections  of  Father  Pini»  of  Breislac,  and  of  the 
Council  of  Mines,  rich  in  the  fossil  bones  of  Lorn* 
bardy,  the  shells  of  the  Apennines,  and  the  volca- 
nic productions  of  Naples,  while  his  evenings  were 
enlivened  by  the  society  of  Breislac,  Brocchi,  De 
Cesaris,  and  Oriani.  He  made,  also,  an  excursion 
to  the  upper  extremity  of  the  Lake  of  Como,  in  hc^s 
of  teeing  the  primary  rock,  but  without  success. 

From  Milan  he  proceeded  by  Pavia,  Lodi,  Piacen- 
za,  Parma,  Reggio,  Modena,  and  Bologna,  to  Flo- 
rence. At  Bologna,  after  visiting  the  meridian  in 
the  church  of  San  Petronio,  his  attention  was  chiefly 
d&rected  to  the  Institute,  which  possesses  a  fine  ap- 
paratus for  experimental  philosophy,  and  a  remark- 
able collection  of  anatomical  preparations,  executed 
in  wax. ,  Relieved  from  the  disgust  attendant  upon 
the  reality,  he  spent  much  time  in  studying  the  ana- 
tomy of  the  eye  and  ear,  and  expressed  a  strong  de- 
tire  to  possess  such  preparations,  for  the  use  of  his 
owa  class.  The  only  person  to  whom  he  had  an  in- 
troduction, perhaps  the  most  remarkable  in  Italy,  was 
the  librarian  of  the  Institute,  the  Abate  Mezzofanti, 
who  is  said  to  be  master  of  more  than  thirty  lan- 
guages. His  conversation  showed  him  to  be  a  man  of 
great  general  knowledge,  and  the  English,  in  which 
it  was  carried  on,  was  excellent.     As  might  be  ex- 
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pccted,  it  was  more  etudiedi  and  less  familiar  thaa 
that  of  an  Englishman,  but  what  was  contrary  to  all, 
expectation,  nvas  the  great  accuracy  of  the  pronuncia^ 
tion. 

At  Florence,  Mr  Playfair  made  a  stay  of  nearly 
tlirce  weeks,  which  were  chiefly  occupied  in  visiting 
the  galleries  and  the  museum  ;  but  of  all  the  nume- 
rous objects  of  admiration  contained  in  them,  none 
addressed  themselves  so  forcibly  to  his  feelings  as  the 
reUcs  of  the  Academia  del  Cimento.  The  room  iu 
which  these  philosophers  met,  the  table  round  which 
they  sat,  and  the  instruments  employed  in  their  ex- 
periments, are  all  carefully  preserved  in  their  origi- 
nal condition.  Among  the  latter  is  the  telescope  of 
Galileo,  made  of  two  semi-cylinders  of  wood,  four 
feet  long,  coarsely  hollowed  out,  tied  together  with 
threads,  and  covered  with  paper.  He  had,  also,  the 
pleasure  of  becoming  acquainted  with  Sismondi,  the 
distinguished  historian  of  the  republics  of  Italy. 

On  the  12th  of  November,  he  set  out  from  Flo. 
rcnce  for  Rome,  following  the  eastern  road,  which 
passes  through  Arezzo,  Perugia,  Foligno,  Spoleto, 
Terni,  and  Civitii  Castellana. 

The  limestone  rock  between  Spoleto  and  Terni 
presents  a  most  remarkable  instance  of  inflected  stra- 
ta. A  number  of  contiguous  beds  rise  from  under 
the  soil,  truly  vertical,  and  bend  suddenly  over  at 
right  angles  into  the  horizontal  position,  without  any 
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curvature,  any  fracture,  or  any  disturbance  to  the 
neighbouring  strata. 

At  Terni  appears  for  the  first  time  the  peculiar 
stalactitic  rock,  known  by  the  name  of  Travertine, 
of  which  the  principal  formation  is  in  the  vicinity  of 
Rome*  It  is  here  deposited  by  the  Velino,  which, 
descending  from  the  elevated  plain  of  Rieti  into  the 
valley  of  tlie  Nera,  five  hundred  feet  deep,  forms  the 
fall  of  Terni,  pre-eminent  in  height,  the  quantity 
of  water,  and  the  beauty  of  the  surrounding  sce- 
nery, 

But  it  was  after  crossing  the  Tiber  at  the  Ponte 
Felice,  that  Mr  Playfair  entered  upon  a  country  to* 
tally  different  from  any  he  had  ever  seen.  To  use 
his  own  words :  **  As  soon  as  we  had  reached  the 
south  side  of  the  bridge,  I  was  surprised  to  see  a 
thick  bed  of  strong  stone  lying  along  the  top  of  a 
mass  of  loose  graveL  This  extraordinary  appear- 
ance was  in  some  degree  resolved  by  the  informa- 
tion which  the  hammer  afforded,  that  this  rock  is  in 
fact  lava/*  A  few  miles  farther  on,  close  to  Civiti 
Castellana,  commences  the  volcanic  tufa,  which  forms 
the  basis  of  the  country,  and  is  here  cut  by  a  small 
stream  to  the  depth  of  a  hundred  feet.  Nothing 
can  be  more  striking  than  these  ravines,  level  at  the 
top  with  the  general  surface  of  the  country,  and  cut 
to  so  great  a  depth,  their  sides  broken  into  slender 
pyramidal  columns,  and  the  banks  of  the  stream 
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which  runs  in  the  bottom,  oraamented  with  the 
evergreen  oak  and  the  arbutuSt 

At  Rame»  where  he  arrived  on  the  18th  of  Novem- 
ber^  Mr  Playfair  remained  during  the  winter,  and 
found  in  the  remains  of  antiquity,  the  treasures  of  the 
Vatican  J  and  the  singular  nature  of  the  adjacent  coun- 
try, a  combination  of  all  that  could  afford  liim  occupa- 
tion or  pleasure.  When  to  this  we  add  the  enjoyment 
of  a  circle  of  English  society,  such  as  can  rarely  be 
formed  out  of  London,  and  which  comprised  seve- 
ral of  his  own  friends,  we  shaU  not  be  surprised  that 
he  always  counted  the  winter  at  Romeamong  the  hap- 
piest days  of  his  life-  The  chief  objects  of  geological 
research  were  the  quarries  of  Capo  di  Bove,  and  the 
shells  of  Monte  Mario.  In  the  former  he  found  a 
rock,  which,  from  its  even  fracture,  comparative 
lightness  and  porosity,  and  the  variety  and  abun- 
dance of  crystals  observed  in  it,  bore  a  greater  re- 
semblance to  lava  than  to  greenstone  j  but  which,  at 
the  same  time,  contained  much  carbonate  of  lime 
in  veins  and  in  cavities,  which  had  evidently  no 
connection  with  the  surface-  The  shells  of  Monte 
Mario  are  found  at  a  height  of  from  seven  to  eight 
hundred  feet  above  the  level  of  the  sea,  but  in  un- 
consolidated eai*th,  and  in  their  natural  state ;  in 
many  even  the  internal  pearly  coat  remaining  un* 
injured. 

In  these  investigations  he  experienced  the  great- 
est kindness  and  attention  froni  Professors  Morichini 
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and  Carpi ;  as  also  from  Mr  Niebuhr,  the  Prussia!! 
Envoy  at  Rome,  in  his  search  for  manuscripts  in  the 
Vatican  Library;  which,  however,  proved  fruit- 
less, the  MSS.  of  Diophantus  being  such  as  were  al- 
ready known  to  him,  and  that  of  Pappus  Alexandri* 
nus  being  no  longer  to  be  found. 

From  Rome  he  proceeded  by  the  usual  route  to 
Naples,  where,  in  the  study  of  an  undoubtedly  vol- 
canic country,  he  was  to  acquire  the  knowledge 
which  might  enable  him  to  decide  in  doubtful  cases. 
Vesuvius  itself,  at  that  time  active,  and  pouring  out 
considerable  streams  of  lava,  was  the  first  object  of 
his  attention.  He  then  examined  Monte  Somma^ 
the  currents  of  lava  which  are  the  produce  of  more 
ancient  eruptions,  the  Zolfatara,  Monte  Nuovq» 
the  numerous  craters  which  surround  the  city  of 
Naples,  and  lastly  spent  three  days  in  the  island  of 
Ischia. 

,  It  is  not  from  the  cone  of  Vesuvius,  which  is  in  a 
state  of  activity,  and  which  produces  the  most  forci- 
ble impression  upon  the  imagination,  that  the  most 
valuable  information  is  derived  as  to  the  mode  in 
which  a  volcano  conducts  its  operations.  The  priii» 
cipal  fact9  to  be  noticed  with  regard  to  it,  are,  that 
the  light  proceeds  not  from  flame,  but  from  the  re- 
flection  of  the  red-hot  mass  in  the  crater,  that  what 
appears  to  be  smoke  is  a  cloud  of  fine  cinders  and 
ashes,  and  that  there  is  a  discharge  of  elastic  fluid 
with  each  ejection  of  scoris.    To  attain  a  know- 
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s  of  the  means  by  which  a  volcano  elevates  it- 
self above  the  plain,  and  of  its  internal  structure, 
^we  must  consult  Monte  Somma,  upon  which  the 
^whole  is  impressed  in  very  distinct  characters. 

Monte  Somma  is  separated  by  a  wide  valley  call- 
ed the  Atrio  del  Cavallo,  from  the  cone  of  Vesu- 
^iusj  which  it  surrounds  fi'om  north-west  to  east. 
The  external  surface  of  Somma,  w  hich  is  to  the  north, 
lias  a  slope  like  that  of  Vesuvius,  is  covered  with  se* 
mi  vitrified,  light,  porous,  black,  volcanic  cinders,  and 
Lis  marked  with  numerous semi^cylindric  undulations 
•  running  from  top  to  bottom.  The  internal  surface 
f  fronting  Vesuvius  is  a  perpendicular  wall,  many 
hundred  feet  in  height  at  tlie  north-western  extre- 
mity :  tlie  ridge,  which  is  quite  sharp,  and  affords  a 
very  precarious  and  difficult  path,  sinks  towards  the 
east,  and  at  last  vanishes  altogether  in  the  pltiin  of 
the  Atrio  del  Cavallo.  Mr  Playfair  walked  along 
this  ridge  as  far  as  a  very  deep  ravine,  called  the 
Canale  d' Arena,  where  he  descended,  and  follow^ed 
the  foot  of  the  perpendicular  wall  through  its  whole 
extent.  This  perpendicular  face  presents  horizontal 
beds  of  compact  lava,  separated  by  layers  of  volcanic 
breccia,  the  whole  traversed  by  veins  or  dikes  of 
compact  lava  highly  inclined  and  deviating  very 
little  from  the  perpendicular. 

tThe  beds  of  compact  lava  approaching  more  or 
less  to  horizontality,  are  in  fact  oblique  sections  of 
beds  dipping  much  to  the  north.    This  is  sufficient- 
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ly  well  shown  even  by  the  inequalities  of  the  internal 
face.of  Somrn^,  but  is  completely  proved  on  going  along 
the  ridge,  and  viewing  the  outward  declivity  of  the 
mountain,  when  you  see  that  these  beds  lie  nearly 
parallel  to  the  surface.  They  are  of  very  unequal 
thickness,  and  it  is  seldom  that  any  one  extends  &r 
in  the  horizontal  direction.  Tbey  are  of  a  very  oral- 
pact  lava,  in  which  three  varieties  are  chiefly  to  be 
distinguished.  The  strongest  has  a  blue  ground,  aa 
even  fracture,  or  one  slightly  concholdal,  is  studded 
with  lai^  well  formed  leucites,  and  num^tous  crya** 
tals  of  pyroxene :  the  surface  when  weathered  is  a 
dirty  brown.  The  second  variety  differs  from  the 
former,  in  being  a  little  less  compact,  containi^  the 
leucites  in  very  small  crystals  with  abundance  of 
pyroxene.  The  third  contains  no  leucites,  hardly 
any  pyroxene,  has  very  little  of  the  crystalline  charac- 
ter, and  resembles  some  of  the  most  earthy  of  the 
greenstones. 

The  stone  that  separates  these  beds,  and  that 
constitutes  by  far  the  greatest  part  of  the  mountain^ 
is  a  volcanic  breccia,  of  a  reddish  colour,  consisting 
of  pieces  of  lava,  firmly  united,  though  clearly  dis- 
tinct. The  hard  pieces  of  the  stone  are  of  all  the 
three  kinds  just  mentioned ;  the  intermediate  sub* 
stance  is  either  tufa,  or  scorious  fragments  of  lava. 
The  surfaces,  both  upper  and  under,  of  the  beds 
above  described,  and  whkh  are  in  contact  with  this 
breccia,  are  generally  8C(H*ious,  as  may  be  observed 


THH  LATE  PKOFESSOR  PLAYPAUl. 

in  all  lavas,  both  ancient  and  modern,  which  have 
actually  flowed  from  Vesuvius.  The  variety  of  the 
breccia  is  so  great,  that  it  would  require  a  great  deal 
of  time  to  become  fully  acquainted  with  it.  The 
softer  parts  are  apt  to  crumble  down  into  sand. 

The  vertical  dikes  are  compact,  of  a  blue  colour, 
and  contain  many  crystals  of  leucite  and  pyroxene.  I 

Tliey  are  very  various  in  breadth,  but  each  dike 
preserves  its  own  pretty  regular  throughout,  with  the 
exception  of  a  few  which  taper  upwards:  while  some 
are  only  a  few  inches  io  width,  others  are  seve- 
ral feet;  but  all  extend  several  hundred  feet  up- 
wards, and  all  have  their  faces  distinctly  defined. 
They  intersect  one  another,  and  cut  through  the 
beds  first  described,  but  without  producing  any 
shifls.  In  one  place  is  a  centre,  from  which  pro- 
ceed five  of  them,  diverging  at  various  angles? :  one 
of  these  is  covered  at  both  sides  with  very  perfect 
glass  of  a  dark  colour, 

I  It  would  appear  that  the  mountain,  when  entire, 
has  been  penetrated  from  below  by  the  vertical 
dikes,  and  that,  at  a  later  period,  the  volcanic  force 
has  fairly  blown  away  the  summit^  leaving  the  in- 
terior exposed,  a^  it  is  now  seen,  in  the  peiTpendi- 
cular  face  of  Somma-  That  the  vertical  dikes 
could  not  have  been  fanned  on  the  surface  is  quite 
evident,  for  they  often  extend  several  hundred  feet 
in  the  vertical  plane,  with  the  faces  well  defined, 
while  they  are  not  above  six  inches  in  width, 
VOL,  !•  d 
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At  a  sbort  distance  above  Resina,  among  the 
vineyards,  is  to  be  seen  a  stream  of  lava,  which  is 
said  to  be  that  of  the  eruption  of  l63t.     It  has 
been  quarried  down  to  the  lower  surface,  presenting 
a  face  thirty  feet  in  height,  of  which  six  feet  from 
the  top  and  three- or  four  from  the  bottom  are  sco- 
rious,  while  the  central  portion  is  exceedingly  com- 
pact :  the  earth  upon  which  it  rests  is  red,  and  has 
the  appearance  of  being  scorched.     This  lava  is  full 
of  pyroxene,  but  very  few  leucites  are  to  be  seen  in 
it,  and  it  has  many  large  cavities,  some  even  eight- 
een inches  in  diameter,  lined  with  tubercles  of  the 
lava  itself.     It  is  very  sonorous  when  struck,  and 
the  fracture  is  even. 

Close  to  the  sea-side  at  La  Scala,  south  from  Fdiv 
tici,   is  an  anbient  lava  bearing  no  date,    which 
is  also  quarried,  and  shows  a  face  45  feet  high, 
and  more  than  a  quarter  of  a  mile  wide.      It  is  like 
the  last,  scorious  both  above  and  below,  while  the 
centre  is  compact.     Besides  much  pyroxene'  and 
some  olivine,  it  is  remarkable,  as  containing  the 
green  oxide  of  copper,  and  many  filamentous  crys- 
tals like  those  of  the  Capo  di  Bove  near  Rome. 
The  colour  is  greyish  blue,  the  fracture  pulveru- 
lent, and  the  stone  much  less  tough  than  any  green* 
stone. 

Still  farther  along  the  coast  is  the  stream  of  lava 
which  in  1794  destroyed  the  village  of  Torre  del 
Greco,  and  is  still  exceedingly  rugged  and  deadate. 
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although  grass  is  beginniog  to  appear  in  the  hollows 
of  the  surface.  The  fresh  fracture  is  very  black 
and  porous,  contains  much  pyroxene  well  crystallized, 
but  neither  olivine  nor  leucites.  In  the  Fossa 
Grande,  a  deep  ravine  which  descends  from  the  her- 
mitage on  Vesuvius  towards  tlie  north-west,  is  con- 
tained the  stream  of  lava  of  I?^?*  still  very  rugged, 
with  the  current  of  1810  above  It,  separated  only 
by  earth  and  scoria}*  The  right  side  of  the  ravine 
as  you  ascend,  is  formed  by  four  streams  of  ancient 
lava,  lying  one  above  another,  in  a  similar  way, 
with  earth  interposed  between  thciii,  and  all  of 
them  scorious  at  both  surfaces.  The  left  side  of  the 
ravine  is  formed  by  a  face  of  tufa,  about  SOU  feet 
high,  in  which  are  found  imbedded  the  stones  resem^ 
bling  mica  slate  which  contain  the  Sommite,  Vesu- 
vian,  and  other  crystals  peculiar  to  tlic  old  eruptions 
of  the  mountain.  The  Fossa  di  Faraone,  another 
very  deep  ravine  in  this  vicinity,  consists  entirely  of 
tufa,  in  which  are  included  many  nodules  of  lime- 
stone, some  of  them  highly  crystallized,  and  resem- 
bling a  white  marble,  others  like  the  common  lime- 
Stone  of  the  Appennines. 

The  stream  of  lava  which  descends  from  the  Zol- 
fatara  to  the  sea-shore  near  Pozzuoli,  is  totally  differ- 
ent in  appearance  from  the  rest;  it  is  greyish  white, 
and  contains  numerous  transparent  crystals  offeld- 
spatb,  formed  in  rectangular  parallelepipeds  of  great- 
er length  than  bread th,  and  greater  breadth  than 
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thickness.     It  is,  however,  seortotts  on  the  under 
surface  as  well  as  the  upper. 

With  the  exception  of  the  great  current  of  Arso, 
which  resembles  the  recent  productiom  of  Vesuvius, 
the  lavas  of  Ischia  are  closely  allied  to  that  of  the 
Zolfatara,  differing  only  in  being  much  decomposed, 
and  exfoliating  in  large  plates.  This  property,  in- 
deedi  gives  a  very  peculiar  aspect  to  the  surface  of 
the  whole  island,  nothing  like  a  firm  rock  being  viir 
sible  from  the  sea-shore  to  the  summit  of  the  moun- 
tain of  Epomeo  in  the  centre,  and  the  beds  of  the 
winter  torrents  being  consequently  numerous  and 
deep.  It  is  only  in  the  small  craters  which  lie  near 
the  northern  shore  that  the  lava  appeal's  more  near- 
ly in  its  original  state,  when  it  is  exactly  like  that  of 
the  Zolfatara.  Great  quantities  of  pumice  and  of 
pitchstone  in  round  nodules  are  found  scattered  on 
the  surface  near  the  town  of  Ischia. 

One  character  common  to  all  the  streams  of  lava 
above  described,  is  the  scorious  or  vesicular  state  of 
the  stone,  both  where  in  contact  with  the  air,  and 
with  the  ground  over  which  it  flowed  j  a  fact,  as  far 
as  Mr  Playfair  knew,  not  remarked  by  any  author, 
and  of  which  he  immediately  perceived  the  value, 
as  pointing  out  wherever  it  occurs  that  the  rock  de- 
rives its  origin  from  a  volcano. 

Of  all  the  various  effects  of  volcanic  force  so  fully 
cxemplitied  in  the  country  round  Naples,  none  is 
more  impressive  than  the  destruction  of  the  fuicient 
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cities  of  Porapeia  and  Herculaneum*  The  former  is 
covered  to  the  depth  of  thirty  feet  with  a  mass  of 
which  the  lowest  stratum  consists  of  pumice,  and  the 
upper  of  unconsolidated  tuia,  while  the  latter  is  im- 
bedded in  a  hard  solid  tufa  rock  of  twice  that  depth, 
above  which  lies  a  stream  of  compact  lava.  The 
former  has  evidently  been  destroyed  by  a  shower  of 
volcanic  ashes ;  but  it  is  difficult  to  conceive  how 
the  latter  was  enveloped  by  a  substance  so  soft  and 
plastic  as  to  receive  an  impression,  so  hot  as  to  char 
vegetable  matter,  and  yet  capable  of  forming  a 
rock,  which^  although  sufficiently  porous  to  allow 
the  percolation  of  water,  is  so  hard  m  to  render  its 
removal  a  work  of  great  difficulty. 

Having  thus  accurately  examined  the  volcanic 
phenomena  of  the  Neapolitan  territory,  Mr  Playfair, 
after  an  excursion  to  Pa?stum,  set  out  on  his  return 
to  Rome.  In  crossing  the  insulated  group  of  hills, 
of  which  Monte  Cavo  is  the  centre,  he  observed 
near  Albano  a  rock  which,  although  closely  resem- 
bling greenstone  even  in  the  fracture,  and  contain- 
ing calcareous  matter,  proved,  upon  a  more  close 
examination,  to  be  a  lava  reposing  upon  alluvial 
earth. 

At  Rome  he  remained  only  long  enough  to  viuit 
Tivoli,  and  to  investigate  the  singular  formation  of 
travertine,  which  stretches  from  that  place  over  a 
great  portion  of  the  plain*  Travertinei  called  by 
the  ancients  Mannor  Tibuitinum,  is  a  calcareous 
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stone,  of  which  the  deposition  is  constantly  going  o& 
at  the  surface,  but  very  different  in  every  respect 
from  an  ordinary  stalactite.  It  is  of  a  warm  cream 
colour^  and  so  full  of  air-holes  as  to  deserve  the 
name  of  cellular,  yet  so  hard  and  imperishable  as 
to  have  been  employed  in  building  St  Peter's  and 
the  Colosseum.  The  quarries  from  which  the  ma- 
terials of  these  great  edifices  were  obtained,  lie  ia 
the  plain  three  miles  and  a  half  from  Tivoli,  and 
about  fourteen  from  Rome.  They  are  very  exten- 
sive, but  quite  superficial,  never  exceeding  a  depth 
of  fifteen  feet;  a  limit  which  ev^i  now  is  never  pass- 
ed, for  want  of  a  contrivance  to  get  rid  of  the  water 
which  every  where  springs  up.  The  rock  lies  in  ho- 
rizontal beds,  from  which  blocks  of  almost  any  mag- 
nitude can  be  raised  by  wedges,  and  as  it  recedes 
from  the  surface  it  becomes  more  compact,  the  air- 
holes being  elongated  and  more  compressed.  It  is  not 
a  little  remarkable,  that  there  now  exists  no  trace  of 
any  elevation  which  could  have  kept  up  a  lake  suffi- 
cient to  account  for  such  a  formation. 

On  the  8th  of  May  Mr  Playfair  quitted  Rome, 
and  returned  to  Florence,  following  the  western  road 
by  Viterbo  and  Sienna.  From  Rome  to  the  river 
Paglia,  a  distance  of  ninety  miles,  excepting  in  the 
vicinity  of  the  lake  of  Bolsena,  nothing  is  to  be  seen 
but  volcanic  tufa,  containing  lava  in  large  rolled 
masses,  studded  with  leucites.  Among  the  beauti- 
ful woods  which  surround  that  lake,  the  lava  covers 
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the  whole  surface,  assuming,  for  a  considerable  extent, 
the  form  of  regular  basaltic  columns  in  every  variety 
of  position,  from  the  horizontal  to  the  vertical  :  these 
are  very  hard,  with  a  conchoidal  fracture,  and  abound 
in  crystals  of  leucite  and  pyroxene.  A  little  beyond 
the  lake  at  San  Lorenzo,  although  the  internal  struc- 
ture remains  the  same,  the  columnar  form  is  lost  lu 
the  appearance  of  a  common  stream  of  lava,  but  occurs 
again  at  Acquapendente,  beyond  ivhicli  the  volcanic 
country  ceases  to  be  well  defined,  the  tuta  being 
mixed  with  the  marly  earth  of  the  hills.  After  tra- 
versing a  plain  of  this  description,  the  road  ascends 
the  high  hill  of  Radicofani,  which  is  crowned  by  a 
perpendicular  rock  of  an  equivocal  character,  but 
more  nearly  allied  to  lava  than  to  greenstone.  Some 
specimens  of  it  are  very  compact,  others  are  very 
porous,  and  all  around  are  scattered  scoriae,  resem- 
bling those  of  Vesuvius,  mixed  with  stones  of  a  red 
colour^  full  of  vesicular  cavities,  and  so  light  as  to 
float  in  water* 

Here  the  volcanic  country  terminates,  and  is  suc- 
ceeded by  a  tender  marly  schistus,  interstratified 
with  a  feeble  sandstone,  in  thin  horizontal  beds,  pre- 
senting a  sterile  surface,  cut  into  a  succession  of  deep 
ravines  and  muddy  scars*  Beyond  Sienna  this  gives 
place  to  limestone,  which,  with  the  exception  of  a 
partial  formation  of  travertine,  continues  to  Florence. 
The  travertine  extends  for  four  miles  along  the  sides 
4>f  a  valley,  at  a  height  of  i^OO  feet  above  the  present 
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bed  of  the  river,  by  which  it  is  still  deponted*  and 
then  suddenly  termmates  at  a  point  where  the  faflli, 
approaching  so  closely  as  almost  to  shut  up  the  val- 
ley»  indicate  the  former  existence  of  a  barrier,  whu^ 
might  have  kept  up  a  lake  sufficient  to  account  fot 
the  formation  of  this  singular  substance. 

From  Florence  Mr  Playfair  proceeded  by  Luoca, 
Fisa,  and  the  Riviera  di  Levante,  to  Genoa,  wfaidi, 
after  a  few  days,  he  left  for  Turin.  The  chief  ob* 
ject  of  curiosity  in  this  route  was  the  marble  of  Car- 
rara, of  which  the  quarries  are  situated  about  three 
miles  from  that  city,  in  a  wild  desolate  valley  on  the 
banks  of  the  Carione.  The  strata  are  highly  in- 
clined, and  intersected  by  numerous  fissures,  which 
cut  one  another  at  the  angle  peculiar  to  the  crystal* 
lization  of  the  carbonate  of  lime.  The  fine  white 
saline  marble,  employed  in  the  arts,  lies  between 
beds  of  blue  lunestone,  of  no  value,  and  that  are 
removed  by  gunpowder;  but  the  whole  process 
is  exceedingly  slovenly,  and  no  pains  have  been  ta^ 
ken  even  to  make  a  tolerable  road  from  the  quarries 
to  the  sea^ore. 

In  prosecuting  his  journey  from  Turin,  by  Mifani, 
to  Venice,  he  traversed  in  its  full  extent  the  great 
plain  of  Lombardy,  in  which  nothing  is  more  re- 
markable than  the  enormous  quantity  of  water-worn 
gravel,  composed  of  gneiss,  granite,  porphyry,  pud- 
dingstone,  and  limestone.  In  the  vicinity  of  the 
mmntains  it  ibrms  at  least  one-third  of  the  soil,  di^ 
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minishiQg  in  size  and  in  quantity  towards  the  centre 
of  the  level  ground*  While  it  rises  occasionally  to 
a  considerable  height,  as  at  Peschiera,  between  the 
vallics  of  the  Mincio  and  the  Adige,  where  it  forms  a 
ridge  five  hundred  feet  high,  the  depth  to  which  it 
extends  has  never  been  ascertained,  the  wells  being 
always  filled  with  water  before  they  reach  down  to  any 
rock.  There  is,  however,  a  distinct  line,  at  no  great- 
er distance  from  the  surface  than  three  feet,  above 
which  it  is  all  red,  and  below  an  unmixed  grey. 

From  Montebello  he  made  an  excursion  to  the 
hills  of  the  Vicentine  territory,  which  form  a  low 
range  extending  from  Montecchio  Maggiore  to  Cas- 
tel  Gomberto.  At  the  first  of  these  places,  three 
miles  from  Montebello,  rises  a  hill,  one  end  of  which 
is  limestone,  and  tbe  other  a  mass  of  amygdaloid^ 
containing  calcareous  spar,  analcirae,  and  calcedony. 
In  the  immediate  vicinity  is  a  quarry  of  a  hard  com- 
pact black  basalt,  showing  a  strong  tendency  to  the 
columnar  form  in  the  interior  j  and  at  Brendola,  a 
mile  and  a  half  to  the  south,  is  another  quarry  of  a 
hard  compact  greenstone,  much  more  tough  than 
any  ordinary  lava.  To  the  same  class  belongs  the 
Monte  BericD,  which  rises  from  the  plain  close  to 
Vicenza,  and  is  composed  of  limestone,  with  an 
amygdaloid  at  the  summit,  while  the  Monte  Tondo, 
a  smaller  elevation  attached  to  its  base,  consists  of 
trap  tuff,  going  fast  to  decay,  and  including  nuclei 
of  a  UmestouOi  which  has  a  smooth  coochoidal  frac- 
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ture,  and  is  much  more  dense  and  compact  than  that 
of  the  Monte  Berico  itself.     He  was  prevented  by 
the  intense  heat  (it  being  now  the  end  of  June) 
from  visiting  the  Euganean  mountains^  which  stand 
insulated  in  the  level  plain ;  but  in  the  ample  and 
excellent  collection  of  the  Conte  del  Rio,  at  Padua, 
he  had  an  opportunity  of  seeing  their  productionst 
and  received  from,  the  Count  himself  the  most  ac- 
curate information  respecting  the  relations  of  the 
different  rocks  to  one  another.     The  rock  which 
constitutes  the  main  body  of  the  Euganean  hills  is 
strikingly  like  the  whitish  lava  of  Epomeo  in  Ischia, 
and  many  of  the  specimens  contained  crystals  of 
feldspathy  exactly  like  those  of  the  lava  of  the  2^)1- 
fatara.     Some  specimens  taken  from  what  has  the 
appearance  of  a  current  of  lava  running  down  the 
side  of  one  of  the  hills,  are  compact  and  dense  in 
the  centre,  light,  porous,  and  vesicular  at  the  sur- 
face.    These  hills  also  abound  in  pitchstone,  beau- 
tiful pearlstone,  and  various  approximations  to  ycI^ 
canic  glass.     From  all  these  circumstances,  so  very 
different  from  the  hills  of  the  Vicentine,  it  seems  pro- 
bable that  the  Euganean  mountains  are  truly  volcanic. 
On  quitting  Venice,  Mr  Playfair  entered  the 
Alps  by  a  road  which,  following  the  Brenta  to  its 
source,  in  the  Valsugana,  and  then  descending  the 
valley  of  the  Pergine,  terminates  at  Trent,  in  the  Ty- 
roL-  From  Trent  to  Inspruckjthe  road  passes  succes- 
sively through  the  vallies  of  the  Adige,  of  the  Eisach* 
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and  of  the  Sihl,  by  which  last  it  is  conducted  to  the 
pass  of  the  Brenner,  whence  it  descends  rapidly  to 
Inspruck.  At  a  short  distance  above  Trent  the  val- 
ley is  suddenly  contracted,  and  reduced,  for  a  dis- 
tance of  twenty  miles,  to  little  more  than  a  defile, 
which  the  Adige  has  cut  through  an  immense  wall 
of  poi*phyry,  which  here  crosses  its  course*  This 
porphyry,  so  abundant  in  the  gravel  of  Lombardy, 
and  so  seldom  to  be  met  with  in  its  native  place,, 
has  a  purple  ground,  spotted  with  white  feldspath, 
and  hexagonal  crystals  of  very  ti-ansparent  quartz* 

From  Inspruck  he  directed  his  course  through 
Bavaria  to  Lindau,  on  the  lake  of  Constance,  with 
the  intention  of  examining  the  part  of  Switzerland 
which  the  heavy  rains  had  prevented  him  from  vi- 
siting in  the  preceding  summer.  From  Lindau  he 
ascended  the  valley  of  tlie  Upper  Rhine  to  Coire, 
in  the  Grisons,  and  after  returning  as  far  as  Ma^ 
lans  to  cross  the  river,  proceeded  by  the  lakes  of 
Wallenstatt  and  Zurich  to  Lucerne.  From  Lucerne 
he  made  an  excursion  of  fourteen  days,  in  which 
he  traversed  the  most  interesting  portion  of  the 
Alps*  After  visiting  tlie  summit  of  Kigi,  as  afford- 
ing an  extensive  view  of  the  country  he  was  about 
to  enter  upon,  he  proceeded  by  Schwytz,  Altorf,  and 
Andermatt,  across  the  pass  of  St  Gothard  to  Ai- 
rolo,  in  the  Val  Bedretto,  and  then  crossing  the  ele- 
vated  pass  of  Nutenen,  (7336  feet  above  the  level 
of  the  sea,)  returned  by  the  valley  of  Eginen  to 
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Obergestdn,  in  the  Valais ;  whence,  after  pcMiti^ 
the  Grrimse},  he  followed  the  course  of  the  Aar  to 
Meyringhen,  and  havhig  Tisited  the  vallies  of  Griar- 
delwald  and  Lauterbrun,  returned  by  UnterseeOy 
BrientK,  and  Alpnaeh,  to  Lucerne. 

While  in  Switzerland,  Mr  Playfair  made  very  few 
notes,  except  as  references  to  the  works  of  Saussure 
and  of  Ebel,  which  he  carried  as  his  guides ;  and 
we  have,  therefore,  merely  pointed  out  the  line  he 
fdUowed,  as  one  well  adapted  for  the  examination  of 
that  interesting  country.  Of  one  object,  however, 
the  dide  by  which  the  trees  of  Pilatus  are  conveyed 
into  the  lake  of  Lucerne,  he  has  left  a  description, 
which,  although  not  sufficiently  perfect  to  be  publish^ 
ed  as  a  separate  esisay,  is  inserted  in  the  Appendix, 
as  too  valuable  to  be  lost  to  Che  world. 

On  quitting  Lucerne,  Mr  Hayfair  again  vi^ted 
Geneva,  wh^re  he  made  a  short  stay  to  enjoy  the  so- 
ciety of  his  friends,  and  then  proceeded  to  Lyons  on 
his  way  home.  We  have  already  observed  that  his 
Notes  on  Switzerland  contain  few  particular  observa- 
tions )  but  the  following  fragment  of  a  paper,  drawn 
up  during  his  residence  at  Geneva,  will  show  the  views 
he  had  taken  of  the  general  structure  of  the  country. 

*'  Switzerland  is  not  more  remarkable  for  its  pic- 
turesqae  and  sublime  scenery,  than  for  the  instruc- 
tive lessons  that  may  be  derived  from  its  mountains, 
ka  men,  and  its  plains.    Hie  mountains  are  the 
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highest  in  Europe,  its  rivers  among  the  greatest  and 
most  rapid,  and  its  pkins,  if  not  the  most  extensivet 
are  certainly  those  in  which  the  changes  they  have 
undergone  sae  most  distiuctly  recorded. 

**  The  mountains  may  be  distinguished  into  three 
classes  or  orders  ;  the  first  consisting  of  those  which 
raise  their  heads  above  the  circle  of  perpetual  conge- 
lation J  the  last  of  the  hills  or  mountains  which  are 
clothed  to  their  summits  with  wood,  and  the  second 
or  intermediate,  are  those  which  lie  between  the 
other  two.  The  lines,  it  is  evident,  which  divide 
these  orders,  are  not  arbitrary  nor  imaginary,  but  are 
precisely  drawn  by  the  hand  of  Nature  herself* 
They  are  lines  by  which  the  mountains  of  every  cli- 
mate, if  they  reach  beyond  the  circle  of  pei-petual 
frost,  must  necessarily  be  divided  into  three  distinct 
orders, 

**  The  general  arrangement  of  the  rocks,  or  of  the 
soil,  of  which  the  country  consists,  is  very  simple. 
The  central  chains,  those,  namely,  which  bound 
the  Valais  on  the  north  and  on  the  south,  uniting 
together  in  St  Gothard,  diverge  from  thence  toward 
the  north-east,  including  the  upper  part  of  the 
Rhine  between  them,  as  they  had  before  included 
the  upjier  part  of  the  Rhone.  These  chains  are  in 
their  highest  parts  of  granite  or  of  syenite.  If  we 
descend  from  this  great  barrier  toward  the  north,  we 
come  soou  to  the  calcareous  mountains,  of  which 
many  rise  above  the  circle  of  perpetual  frost-     The 
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calcareous  mountains  comprehend,  therefore,  mmj 
mountains  of  the  first  order,  and  with  a  few  excep- 
tions, all  those  of  the  second.     At  the  foot  of  this 
calcareous  formation,  which  is  primary,  or  of  tran- 
sition, is  stretched  out  a  great  mass  of  puddingstone, 
over  thd  whole  length  of  the  mountainous  chain ; 
sometimes  rising  into  mountains,  as  in  the  case  of 
Rigi,  and  along  with  this,  though  exterior  and  abate 
it,  is  an  equally  extensive  formation  of  grds,   or 
sandstone,  in  horizontal  beds,  for  the  most  part,  and 
extending  north-east  and  south-west  from  the  Rhine 
at  the  Lake  of  Constance,  to  the  Rhone  where  it 
issues  from  the  Lake  of  Geneva.    This  sandstone  is^ 
in  some  places,  a  stone  of  excellent  quality  for  build- 
ing, as  at  St  Gall,  at  Lucerne,  at  Berne,  and  at  Ge- 
neva.    When  of  this  quality,  it  resembles  exceed- 
ingly the  extensive  formation  that  lies  at  the  foot  of 
the  Grampians  in  Scotland,  and  reaches  from  the 
German  Ocean  nearly  to  the  shores  of  the  Atlantic. 
Both  are  characterised  by  containing  little  quarts, 
but  much  sand,  composed  of  feldspath,  mica,  and 
hornblende.  It  seems  as  if  made  up  of  porphyry,  that 
had  been  reduced  to  sand,  and  it  is  nearly  akin  to 
grauwakke.     Exterior  to  all  this,  still  receding  from 
the  mountains,  is  a  quantity  of  loose  gravel,  which 
covers  the  rock,  whatever  it  be,  to  a  great  depth. 
This  gravel  is  of  great  superficial  extent,  and  con- 
ducts us  to  the  mountains  of  Jura,  on  the  west  and 
on  the  north  to  the  Rhine  and  beyond  it.   At  Jura, 
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a  calcareous  formation  emerges  from  under  the  gra- 
vel, the  sandstone,  or  the  puddingstone,  and  forais 
the  whole  of  the  great  chain  to  which  the  name  just 
mentioned  is  usually  applied. 

**  From  the  great  chain  which  is  properly  the  Alps, 
the  ground^  as  far  as  the  Rliine  or  Jura,  though 
without  mountains j  rises  into  hills  and  ridges  cover- 
ed with  wood,  and  interFected  by  the  great  vallies  in 
which  the  rivers  flow,  forming  altogether  a  great  ex- 
tent of  cultivated  land,  or  of  picturesque  scenery, 
such  as  could  hardly  be  exceeded. 

**  From  the  great  lakes  which  are  enclaves,  as  it 
were,  in  the  mountains,  descend  the  great  rivers 
which  traverse  the  plains  of  Switzerland,  and  which 
fall  into  the  Rhine,  Of  these  the  most  easterly  is 
the  Upper  Rhine  itself  j  and  next  coming  westward 
is  the  Limmat,  which  issues  from  the  Lake  of  Zurich, 
After  this  the  Rcuss,  which,  descending  from  St 
Gothard,  and  purifying  its  waters  in  tlie  Lake  of 
Lucerne,  issues  from  thence  a  great  river,  which,  as 
well  as  the  Limmat,  joins  the  Aar  before  it  fiUls  in- 
to the  Rhine.  The  Aar  comes  from  the  Lake  of 
Thun,  and  being  joined  by  a  large  supply  from  the 
Lakes  of  Neuchatel  and  Bicnne,  from  the  west,  as 
well  as  the  rivers  just  mentioned  from  the  east, 
unites  its  waters  to  the  Rhine  itself  at  Zursach, 

"  This  great  system  of  rivers  has  every  where  left 
traces  of  the  changes  it  has  been  the  instrument  of 
producing,  and  indication^,  which  it  is  impossible  to 
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inifltake»  of  the  vast  diffisrenee  between  the  wrfiiea 
as  it  exists  at  present,  and  as  it  has  existed  in  foc^ 
mer  ages. 

'*  The  vast  quantity  of  gravel  that  occupies  negrly 
a}l  the  low  country  of  Switzerland,  has  already  .been 
remarked*  The  ground  is  never  opened  in  any 
pboe,  nor  an  abrupt  face  found  on  the  banks  of  a 
river,  where  it  does  not  appear  that  the*whole  con^ 
ststs  of  gravel  and  sand.  The  gravel  consists  of  tli9 
stones  which  belong  to  the  high  Alpi^  granite^  gneiss^ 
mica  slate,  hornblende  scbistus,  petrosilex,  jad^ 
hard  limestone,  &c.  The  figure  of  the  stones  is 
worked  remarkably  true,  and  the  polish  in  general: 
is  fine*  The  consequence  of  the  rivers  running 
through  such  materials,  has  been  the  formation  of 
terraces  cm  a  vast  scale,  and  in  great  numbers.-  In 
many  places,  a  succession  of  such  terraces,  as  far  as 
fihre,  rni^  be  counted ;  as  far  as  two  and  three  are 
very  common.  The  height  of  one  above  another  ia 
from  twenty  to  thirty,  and  even  forty  feet.  At  the 
Khiue  they  are  very  conspicuous ;  one,  of  which  I 
measured  the  perpendicular  height,  was  122  feet 
alcove  the  present  surface  of  the  river.  When  it  ia 
considered  that  three  or  even  four  of  such  terraces 
cafli  often  be  counted  on  the  banks  of  this  greait 
river,  it  may  fairly  be  stated,  that  the  evidence  of 
the  Rhine  having  flowed  at  the  height  of  360  feet 
4^ve  the  present  level,  is  very  conclusive.*'****** 
£ven  mor^  remarkable  than  the  above  are  the 
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terraces  of  gravel  upon  which  the  road  through  the 
Tyrol  is  conducted  from  8terzing  to  Inspruck,  at  a 
height  of  500  feet  above  the  present  bed  of  the 
river. 

After  examining  the  rocks  of  Fort  St  Jean,  and  of 
Pierre  Encyze,  where  the  granite  veins  are  distinct- 
ly seen  issuing  from  the  central  mass,  and  penetrat- 
ing the  strata  of  mica  slate  which  rest  upon  its  sides, 
he  proceeded  from  Lyons  to  Clermont  in  Auvergne ; 
a  route  which  led  him  across  a  granite  country  form- 
ing a  succession  of  hills,  nowhere  rising  to  any 
considerable  height,  and  rounded  at  their  summits. 
This  granite  is  of  a  very  perishable  nature,  and 
yields  readily  to  the  weather,  except  where  traversed 
by  dikes  of  greenstone,  which  occur  frequently,  and 
are  often  of  a  great  size.  One  of  them,  cut  across 
by  the  road  near  Fenouilh,  is  forty  feet  wide,  and 
firmly  united  at  the  edges  with  the  granite,  which 
is  considerably  indurated  at  the  point  of  contact* 
On  approaching  Clermont,  which  is  situated  in  the 
valley  of  the  Ailier,  the  granite  is  concealed  by  the 
alluvial  earth,  but  the  greenstone  is  still  visible  in 
large  masses,  and,  at  intervals,  a  limestone  rock  re» 
markable  for  exudations  of  pitch,  containing  loose 
crystals  of  calcedony. 

The  hill  nearest  to  Clermont  is  Graveneyre,  of 
which  the  sides  are  covered  with  scoriae  and  cinders, 
having  the  same  black  colour,  vitreous  fracture,  and 
scorious  surface  with  those  of  the  Atrio  del  Cavalloi 

VOL*  I*  e 


Iviii  BIOGRAPHICAL  ACCOUKT  OF 

and  the  summit  is  a  flat  surface,  from  which  riaeSp 
on  one  side,  a  red  face  of  rock  resembling  rery  ex- 
actly the  remains  of  the  old  craters  of  VesuTius. 
Two  streams  of  lava  can  be  distinctly  traced,  one 
terminating  at  the  bottom  of  the  hill  towards  Cler- 
mont, and  the  other  running  down  to  the  ralley^of 
Royat,  which  it  follows  for  the  remainder  o£  its 
course.  The  surface  of  both  is  scorious,  while,  in 
the  valley  just  mentioned,  the  stream  is  seen  equally 
scorious  above  and  below,  and  resting  upon  alluvial 
earth.  There  can  be  no  doubt,  then,  that  this  it  a 
true  lava :  and  Graveneyre  must  be  an  extinguished 
volcano  of  a  very  recent  date ;  for  every  thing  indi- 
cates that  the  valley  of  Royat,  when  the  lava  first 
entered  it,  was  nearly  the  same  as  it  is  at  the  preaenl 
day.  The  insulated  conical  hills,  known  by  the  ge* 
neric  name  of  Puy,  rise  from  a  plain  or  table  land  of 
granite,  tolerably  level,  but  elevated  more  than  4O0r 
feet  above  the  flat  country  in  which  Clermont  is  sip 
tuated.  Of  these  the  Puy  de  Pariou  aflbrds  the 
most  perfect  specimen.  It  is  a  cone  covered  with 
fine  turf,  both  on  the  ascent  and  within  the  crater, 
which  is  a  mile  in  circumference,  and  very  deep^ 
alopmg  ddwnwards  at  an  angle  of  S0\  From  the 
lower  part  of  the  cone  issues  a  considerable  current 
of  lava,  still  rugged  and  black,  and  the  plain  is  co- 
vered with  scoriae  and  volcanic  cinders,  which  are  se» 
to  the  depth  of  twenty  feet  in  the  cuts  made  by  the 
winter  rains.    Near  the  extremity  of  this  current  of 
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lava,  but  totally  tinconnected  with  it,  is  a  range  of  ba- 
saltic columns,  to  which  it  is  not  easy  to  assign  a 
placCp  They  are  very  regular,  have  four  and  five 
sides  from  six  to  nine  inches  wide,  and  are  in  close 
contact  with  each  other.  The  internal  structure  is 
very  singular ;  a  number  of  blue  spherulae  of  the 
size  of  a  pea,  are  firmly  united  by  a  brown  cement, 
forming  a  stone  more  compact  than  any  lava  to  be 
seen  in  this  countiy,  and  yet  less  so  than  trap. 
There  is  no  appearance  of  scoriousness  in  any 
part  of  the  mass,  and  they  rest  immediately  upon 
the  granite  already  mentioned  as  the  basis  of  the 
whole  plain. 

In  order  to  obtain  a  more  general  knowledge  of 
this  curious  range  of  hills,  Mr  Playfair  rode  down 
the  valley  of  the  AUier,  at  the  foot  of  the  granite 
plain,  to  Volvic,  whence  he  followed  a  current  of 
lava  to  its  source,  ascended  the  Puy  Chopine,  and 
returned  to  Clermont  by  the  Puy  de  Pariou,  already 
described.  Between  Clermont  and  Volvic  several 
streams  of  lava  descend  into  the  plain,  but  none  to 
be  compared,  as  to  extent,  with  that  which  bears  the 
name  of  Volvic.  It  is  three  niiles  in  length,  a  mile 
in  breadth,  and  the  surface  is  every  where  scorious 
and  rugged  in  the  extreme*  The  rock  itself,  as  seen 
in  the  extensive  quarries,  is  of  a  greyish  blue  colour, 
porous,  splintery  in  the  fracture,  and  contains  only  a 
few  crystals  of  pyroxene-  It  is  raised  by  wedges, 
and  so  easily  worked  by  the  chisel,  as  to  be  used  in 
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bis  studies  during  a  great  part  of  the  winter.  He, 
however,  regained  health  and  strength  sufficient  to 
resume  and  finish  the  course  of  lectures ;  but  in 
June  the  disease  recurred  with  increased  violence, 
and,  after  an  illness  of  a  month,  terminated  his  exist- 
ence on  the  19th  of  July  1819.  Althougli  suflfer- 
ing  very  severe  pain,  with  very  short  intervals  of 
rest,  he  employed  himself,  until  a  few  days  before 
his  death,  in  dictating  corrections  on  the  proof  sheets 
of  the  Dissertation;  and,  even  after  his  bodily 
strength  was  exhausted,  he  retained  his  intellectual 
faculties  unimpaired  to  the  very  last. 


It  has  struck  many  people,  we  believe,  as  very 
extraordinary,  that  so  eminent  a  person  as  Mr  Play- 
fair  should  have  been  allowed  to  sink  into  his  grave 
in  the  midst  of  us,  without  calling  forth  almost  so 
much  as  an  attempt  to  commemorate  his  merit,  even 
in  a  common  newspaper;  and  that  the  death  of 
a  man  so  celebrated  and  so  beloved,  and,  at  the 
same  time,  so  closely  connected  with  many  who  could 
well  appreciate  and  suitably  describe  his  excellences, 
should  be  left  to  the  brief  and  ordinary  notice  of  the 
daily  obituary.  No  event  of  the  kind  certainly  ever 
excited  more  general  sympathy  ;  and  no  individual, 
we  are  persuaded^  will  be  longer  or  more  affection- 
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■  ately  remembered  by  all  the  classes  of  bis  fellow-citi- 
zens :  and  yet  it  is  to  these  very  circumstances  that 
we  must  look  for  an  explanation  of  the  apparent  ne- 
glect by  which  his  memoiy  has  been  followed.  His 
humbler  admirers  have  been  deterred  from  express- 
iBg  their  sentiments  by  a  natural  feeling  of  unwil- 
lingness to  encroach  on  the  privilege  of  those  whom 
a  nearer  approach  to  his  person  and  talents  render- 
ed more  worthy  to  speak  of  tbem,— while  the  learn- 
ed and  eloquent  among  his  friends  have  trusted  to 
each  other  for  the  performance  of  a  task  which  tbey 
could  not  but  feel  to  be  paiuful  in  itself,  and  not  a 
little  difficult  to  perform  as  it  ought  to  be  ;  or  per- 
haps have  reserved  for  some  more  solemn  occasion 
that  tribute  for  which  the  public  impatience  is 
already  at  its  height. 

We  beg  leave  to  assure  our  readers  that  it  is  mere- 
ly from  anxiety  to  do  something  to  gratify  this  natu- 
ral impatience  that  we  presume  to  enter  at  all  upon 
a  subject  to  which  we  are  perfectly  aware  that  we  are 
incapable  of  doing  justice :  For  of  Mr  Play  fair's 
scientific  attainments,— of  bis  proficiency  in  those 
studies  to  which  he  was  peculiarly  devoted,  we  are 
but  slenderly  qualified  to  judge  ;  But,  we  believe 
we  hazard  nothing  in  saying  that  he  was  one  of  the 
most  learned  mathematicians  of  bis  age,  and  among 
the  first,  if  not  the  very  first,  who  introduced  the 
beautiful  discoveries  of  the  later  continental  geome- 
ters to  the  knowledge  of  his  countrymen,  and  gave 
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their  just  value  and  true  place,  in  the  scheme  <tf 
European  knowledge,  to  those  important  impfove- 
ments  by  which  the  whole  aspect  of  the  abstract 
sciences  has  been  renovated  since  the  days  of  our  il« 
lustrious  Newton.  If  he  did  not  signalize  himself 
by  any  brilliant  or  original  invention,  he  moat,  at 
least,  be  allowed  to  have  been  a  most  generous  and 
intelligent  judge  of  the  achievements  of  others,  as 
well  as  the  most  eloquent  expounder  of  that  great 
and  magnificent  system  of  knowledge  which  has  been 
gradually  evolved  by  the  successive  labours.  o£  so 
many  gifted  individuals.  He  possessed,  indeed,  in 
the  highest  d^ree,  all  the  characteristics  both  of  a 
fine  and  a  powerful  understanding, — at  once  pene* 
trating  and  vigilant,— -but  more  distinguished,  per-^ 
haps,  for  the  caution  and  sureness  of  its  march,  than 
for  the  brilliancy  or  rapidity  of  its  movements,— cmd 
guided  and  adorned  through  all  its  prepress  by  the 
most  genuine  enthusiasm  for  all  that  is  grand,  and 
the  justest  taste  for  all  that  is  beautiful  in  the  Trath 
or  the  Intellectual  Energy  with  which  he  was  habi« 
tually  conversant. 

To  what  account  these  rare  qualities  might  have 
been  tiumed,  and  what  more  brilliant  or  lasting 
fruits  they  might  have  produced,  if  his  whole  life 
had  been  dedicated  to  the  solitary  cultivation  of 
science,  it  is  not  for  us  to  conjecture ;  but  it  cannot 
be  doubted  that  they  added  incalculably  to  his  emi- 
nence and  utility  as  a  teacher;  both  by  enaUiog 
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him  to  direct  his  pupils  to  the  most  simple  and  lu* 
minous  methods  of  inquiry,  and  to  imbue  their 
mtndsy  from  the  very  commencement  of  the  study, 
with  that  fine  relish  for  the  truths  it  disclosed,  and 
that  high  sense  of  the  majesty  with  which  they  were 
invested,  that  predominated  in  his  own  bosom. 
While  he  left  nothing  unexplained  or  unreduced  to 
its  proper  place  in  the  system,  he  took  care  that 
they  should  never  be  perplexed  by  petty  difficulties, 
or  bewildered  in  useless  details,  and  formed  them 
betimes  to  that  clear,  masculine,  and  direct  method 
of  investigation,  by  which,  with  the  least  labour,  the 
greatest  advances  might  be  accomplished, 

Mr  Playfair,  however,  was  not  merely  a  teacher; 
and  has  fortunately  left  behind  him  a  variety  of 
works,  from  which  other  generations  may  be  en- 
abled to  judge  of  some  of  these  qualifications  which 
so  powerfully  recommended  and  endeared  him  to 
his  contemporaries.  It  is,  perhaps,  to  be  regretted 
that  so  much  of  his  time,  and  so  large  a  proportion 
of  his  publications,  should  have  been  devoted  to  the 
subjects  of  the  Indian  Astronomy,  and  the  Hutton- 
lan  Theory  of  the  Earth,  For  though  nothing  can 
be  more  beautiful  or  instructive  than  his  specula- 
tions on  those  curious  topics,  it  cannot  be  dissem- 
bled that  their  results  are  less  conclusive  and  satis- 
factory than  might  have  been  desired  j  and  that  his 
doctrines,  from  the  very  nature  of  the  subjects,  are 
Biore  questionable  than  we  believe  they  could  pos* 
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sibly  have  been  on  any  other  topic  in  the  whole  cir- 
cle of  the  sciences.  To  the  first,  indeed,  he  came 
under  the  great  disadvantage  of  being  unacquainted 
with  the  Eastern  tongues,  and  without  the  means  of 
judging  of  the  authenticity  of  the  documents  which 
he  was  obliged  to  assume  as  the  elements  of  his  rea- 
sonings ;  *  and  as  to  the  other,  though  he  endedf 
we  believe,  with  being  a  very  able  and  skilful  miner- 
alogist, we  think  it  is  now  generally  admitted  that 
that  science  does  not  yet  afford  sufficient  materials 
for  any  positive  conclusion ;  and  that  all  attempts 
to  establish  a  Theory  of  the  Earth  must,  for  many 
years  to  come,  be  regarded  as. premature.  Though 
it  is  impossible,  therefore,  to  think  too  highly  of  the 
ingenuity,  the  vigour,  and  the  eloquence  of  those 
publications,  we  are  of  opinion  that  a  juster  estimate 
of  Mr  Playfair's  talent,  and  a  truer  picture  of  his 
genius  and  understanding!  is  to  be  found  in  his 
other  writings; — in  the  papei*s,  both  bi(^raphical 
and  scientific,  with  which  he  has  enriched  the  Trans- 
actions of  our  Royal  Society ; — his  account  of  La- 
place, and  other  articles  which  he  is  understood  to 


*  The  authenticity  of  the  Indian  tables  is  inferred,  not  so 
much  from  the  history  attached  to  Uiem,  as  from  the  accuracy 
"with  which  they  describe  the  celestial  phenomena  of  the  pe- 
riod to  which  they  refer.  No  one  but  an  astronomer  ac- 
quainted with  the  latest  refinements  of  European  science^ 
could  have  produced  such  a  work  by  calculating  from  the  pre- 
sent state  of  the  heavens.     Vide  Vol.  III.  p.  1 12,  et  seq Ed. 
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hare  contributed  to  the  Edinburgh  Review, — the 
Outlines  of  his  Lectures  on  Natural  Philosophy, — 
and,  above  all,  his  lutroductory  Discourse  to  the 
Supplement  to  i.\e  Encyclopaedia  Britanuica,  with 
the  final  correction  of  which  he  was  occupied  up  to 
the  last  moments  that  the  progress  of  his  disease  al- 
lowed him  to  dedicate  to  any  intellectual  exertion. 

With  reference  to  these  works,  we  do  not  think 
we  are  influenced  by  any  national,  or  other  partiality, 
when  we  say  that  he  was  certainly  one  of  the  best 
writers  of  his  age  ;  and  even  that  we  do  not  now  re- 
collect any  one  of  his  contemporaries  who  was  so 
great  a  master  of  composition*  There  is  a  certain 
mellowness  and  richness  about  his  style,  which 
adorns,  without  disguising  the  weight  and  nervous- 
ness, which  is  its  other  great  characteristic, — a  se- 
date gracefulness  and  manly  simplicity  in  the  more 
level  passages, — and  a  mild  majesty  and  considerate 
enthusiasm  where  he  rises  above  them,  of  which  we 
scarcely  know  where  to  find  any  other  example. 
There  is  gieat  equability,  too,  and  sustained  force 
in  every  part  of  his  writings-  He  never  exhausts 
himself  iu  uashes  and  epigrams,  nor  languishes  into 
tameness  or  insipidity  ;  at  first  sight  you  would  say 
that  plainness  and  good  sense  were  the  predominat- 
ing qualities ;  but  by  and  bye,  this  simplicity  is  en- 
riched with  the  delicate  and  vivid  colours  of  a  fine 
imagination, — the  free  and  forcible  touches  of  a  most 
powerful  intellecti — and  the  lights  and  shades  of  an 
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unerring  and  harmonizing  taste.  In  comparing  it 
with  the  styles  of  his  most  celebrated  oontemporarieSt 
we  would  say  that  it  was  more  purely  and  peculiarly 
a  written  style, — and,  therefore,  rejected  those  or- 
naments that  more  properly  belong  to  oratory.  It 
had  no  impetuosity,  hurry,  or  vehemence, — ^no  bursts 
or  sudden  turns  or  abruptions,  like  that  of  Burke  ; 
and  though  eminently  smooth  and  melodious,  it  was 
not  modulated  to  an  uniform  system  of  solemn  de- 
clamation like  that  of  Johnson,  nor  spread  out  in  the 
richer  and  more  voluminous  elocution  of  Stewart ; 
nor  still  less  broken  into  that  patch-work  of  scholaar 
tic  pedantry  and  conversational  smartness  which  has 
found  its  admirers  in  Gibbon.  It  is  a  style,  in  short, 
of  great  freedom,  force,  and  beauty  ;  but  the  deli- 
berate style  of  a  man  of  thought  and  of  learning,  and 
neither  that  of  a  wit  throwing  out  his  extempores 
with  an  affectation  of  careless  grace, — nor  of  a  rheto- 
rician thinking  more  of  his  manner  than  his  matter, 
and  determined  to  be  admired  for  his  expression, 
whatever  may  be  the  fate  of  bis  sentiments. 

His  habits  of  composition,  as  we  have  understood, 
were  not  perhaps  exactly  what  might  have  been  ex- 
pected from  their  results.  He  wrote  rather  slowly, 
— and  his  first  sketches  were  often  very  slight  and 
imperfect, — like  the  rude  chalking  for  a  masterly 
picture.  His  chief  efibrt  and  greatest  pleasure  was 
in  their  revisal  and  correction  ;  and  there  were  no 
limits  to  th^  improvement  which  resulted  from  thia 


THE  LATB  PROPESSOE  PL^YFAtR. 

application.  It  was  not  the  style  merely,  or  indeed 
chiefly^  that  gained  by  it :  The  whole  reasoning, 
and  sentiment,  and  illustration,  was  enlarged  and 
new  modelled  in  the  course  of  it,  and  a  naked  out- 
line became  gradually  infoimed  with  life,  colon r, 
and  expression.  It  was  not  at  all  like  the  com- 
mon finishing  and  polishing  to  which  careful  au- 
thors generally  subject  the  first  draughts  of  their 
compositions, — nor  even  like  the  fastidious  and  ten- 
tative alterations  with  which  some  more  anxious  wri- 
ters assay  their  choicer  passages-  It  w^as,  in  fact, 
the  great  filling  in  of  the  picture, — the  working  op 
of  the  figured  wefi^  on  the  naked  and  meagre  woo/* 
that  had  been  stretched  to  receive  it;  and  the  sin- 
gular thing  in  his  case  was,  not  only  that  he  left 
this  most  material  part  of  his  work  to  be  performed 
after  the  whole  outline  had  been  finished,  but  that 
he  could  proceed  with  it  to  au  indefinite  extent,  and 
enrich  and  improve  as  long  as  he  thought  fit,  with- 
out any  risk  either  of  destroying  the  proportions  of 
that  outline,  or  injuring  the  harmony  and  unity  of 
tlie  design.  He  was  perfectly  aware,  too,  of  the 
possession  of  this  extraordinary  power,  and  it  was 
partly,  we  presume,  in  consequence  of  it  that  he 
was  not  only  at  all  times  ready  to  go  on  with  any 
work  in  which  he  was  engaged,  without  waiting  for 
favourable  moments  or  hours  of  greater  alacrity,  but 
that  he  never  felt  any  of  those  doubts  and  niisgiv- 
ing3  a$  to  hiii  being  able  to  get  creditably  through 
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with  his  undertaking,  to  which  we  belieYe  moit 
authors  are  occasionally  liable*  As  he  never  wrote 
upon  any  subject  of  which  he  was  not  perfectly  mis- 
ter, he  was  secure  against  all  blunders  in  the  sub- 
stance of  what  he  had  to  say ;  and  felt  quite  assur- 
ed, that  if  he  was  only  allowed  time  enough^  he 
should  finally  come  to  say  it  in  the  very  best  way  oi 
which  he  was  capable.  He  had  no  anxiety,  there- 
fore, either  in  undertaking  or  proceeding  with  his 
tasks;  and  intermitted  and  resumed  them  at  his 
convenience,  with  the  comfortable  certainty,  that  all 
the  time  he  bestowed  on  them  was  turned  to  good 
account,  and  that  what  was  lefl  imperfect  at  one  sit- 
ting might  be  finished  with  equal  ease  and  advan- 
tage at  another.  Being  thus  perfectly  sure  both  of 
his  end  and  his  means,  he  experienced,  in  the  course 
of  his  compositions,  none  of  that  little  fever  of  the 
spirits  with  which  that  operation  is  so  apt  to  be  ac- 
companied. He  had  no  capricious  visitings  of  fiin- 
cy  which  it  was  necessary  to  fix  on  the  spot  or  to 
lose  for  ever, — ^no  casual  inspirations  to  invoke  and 
to  wait  for, — ^no  transitory  and  evanescent  lights  to 
catch  before  they  faded.  All  that  was  in  his  mind 
was  subject  to  his  control,  and  amenable  to  his  cally 
though  it  might  not  obey  at  the  moment ;  and  while 
his  taste  was  so  sure,  that  he  was  in  no  danger  of 
over-working  any  thing  that  he  bad  designed,  all  his 
thoughts  and  sentiments  had  that  unity  and  con- 
gruity,  that  they  fell  almost  spontaneously  into 
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harmoBy  and  order  j  and  the  last  added,  incorporat- 
ed, and  assimilated  with  the  first,  as  if  they  had 
sprung  simultaneously  from  the  same  happy  con- 
ception. 

But  we  need  dwell  no  longer  on  qualities  that 
may  be  gathered  hereafter  from  the  works  he  has 
left  behind  him.  They  who  lived  with  him  moura 
the  most  for  those  which  will  be  traced  in  no  such 
memorial ;  and  prize  far  above  those  talents  which 
gained  him  his  high  name  in  philosophy,  that  per* 
sonal  character  which  endeared  him  to  his  friends, 
and  shed  a  grace  and  a  dignity  over  all  the  society  in 
which  he  moved.  The  same  admirable  taste  which 
is  conspicuous  in  his  writings,  or  rather  the  higher 
principles  from  which  that  taste  was  but  an  emana* 
tion,  spread  a  similar  charm  over  his  whole  life  and 
conversation  ;  and  gave  to  the  most  learned  philoso- 
pher of  his  day  the  manners  and  deportment  of  the 
most  perfect  gentleman.  Nor  was  this  in  him  the 
result  merely  of  good  sense  and  good  temper,  assist- 
ed  by  an  early  familiarity  with  good  comimny,  and  a 
consequent  knowledge  of  his  own  place  and  that  of 
all  around  him.  His  good  breeding  was  of  a  higher 
descent ;  and  his  powers  of  pleasing  rested  on  some- 
thing better  than  mere  companionable  quaHties. 
With  the  greatest  kindness  and  generosity  of  na- 
ture, he  united  the  most  manly  firmness,  and  the 
highest  principles  of  honour, — and  the  most  cheer- 
ful and  social  dispositions,  with  the  gentlest  and 
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Steadiest  aflfections.  Towards  women  he  had  alwiyv 
the  most  chivalrous  feelings  of  regard  and  attentioDy 
and  was,  beyond  almost  all  men,  acceptable  tad 
agreeable  in  their  society, — though  without  the  least 
levity  or  pretension  unbecoming  his  age  or- condi- 
tion :  And  such,  indeed,  was  the  fascination  of  the 
perfect  simplicity  and  mildness  of  his  mannerSy  that 
the  same  tone  and  deportment  seemed  equally  tsj^ 
propriate  in  all  societies,  and  enabled  him  to  delight 
the  young  and  the  gay  with  the  same  sort  of  codp 
versation  which  instructed  the  learned  and  the  grave. 
There  never,  indeed,  was  a  man  of  learning  and  tap 
lent  who  appeared  in  society  so  perfectly  free  from 
all  sorts  of  pretension  or  notion  of  his  own  imporU 
ance,  or  so  little  solicitous  to  distinguish  himself 
or  so  sincerely  willing  to  give  place  to  every  one 
else.  Even  upon  subjects  which  he  had  thorough* 
ly  studied,  he  was  never  in  the  least  impatient  to 
speak,  and  spoke  at  all  times  without  any  tone  of 
authority ;  while,  so  far  from  wishing  to  set  off  what 
he  had  to  say  by  any  brilliancy  or  emphasis  of  ex- 
pression, it  seemed  generally  as  if  he  had  studied  to 
disguise  the  weight  and  originality  of  his  thought* 
under  the  plainest  form  of  speech  and  the  most  quiet 
and  indifferent  manner  :  so  that  the  profoundeat  r&- 
•  marks  and  subtlest  observations  were  often  dropped, 
not  only  without  any  solicitude  that  their  value 
should  be  observed,  but  without  any  apparent  con* 
sciousness  that  they  possessed  any.    Though  tho 
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most  social  of  human  beings,  and  the  most  disposed 
to  encourage  and  sympathize  with  the  gaiety  and 
joviality  of  others,  his  own  spirits  were  in  general 
rather  cheerful  than  gay,  or  at  least  never  rose  to 
any  turbulence  or  tumult  of  merriment ;  and  while 
he  would  listen  with  the  kindest  indulgence  to  the 
more  extravagant  sallies  of  his  younger  friends,  and 
prompt  them  by  the  heartiest  approbation,  his  own 
satisfaction  might  generally  be  traced  in  a  slow  and 
temperate  smile,  gradually  mantling  over  his  bene- 
volent and  intelligent  features,  and  lighting  up  the- 
countenance  of  the  Sage  with  the  expression  of 
the  mildest  and  most  genuine  philanthropy*  It 
was  wonderful,  indeed,  considering  the  measure 
of  his  own  intellect,  and  the  rigid  and  undeviat- 
ing  propriety  of  his  own  conduct,  how  tolerant 
he  was  of  the  defects  and  errors  of  other  men. 
He  was  too  indulgent,  in  truth,  and  favourable 
to  his  friends  ;— and  made  a  kind  and  liberal  aU 
lowance  for  the  faults  of  all  mankind — -,except 
only  faults  of  baseness  or  of  cruelty, — against  which 
he  never  failed  to  manifest  the  most  open  scorn 
and  detestation.  Independent,  in  short,  of  his  high 
attainments,  Mr  Playfair  was  one  of  the  most 
amiable  and  estimable  of  men, — delightful  in  his 
manners, — inflexible  in  his  principles,  and  generous 
in  his  affections,  he  had  all  that  could  charm  in  so- 
ciety or  attach  in  private  ;  and  while  his  friends  en- 
VOL.  I,  f 
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able  to  judge  of  the  iroportance  of  the  service  he  has 
thus  rendered  to  its  inhabitants,  and  through  them, 
and  by  their  example,  to  all  the  rest  of  the  coun* 
try* 
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*'  Having  obtained  leave  of  absence  for  some 
montlia  in  the  beginning  of  tbe  year  1782,  I  deter- 
mined  to  visit  the  metropolis,  that  I  might  have  an 
opportunity  of  seeing  what  is  there  most  worthy  of 
observation,  and  of  conversing  with  those  men  whose 
names  are  known  in  the  republic  of  letters.  This 
last  indeed  was  my  principal  object,  and  I  according- 
ly put  down  those  passages  in  conversation,  and 
those  circumstances  in  the  characters  of  the  men  I 
saw,  that  seemed  to  me  most  worthy  of  being  reraera- 
bered.  These  I  have  now  brought  together  and 
connected  in  the  following  pages. 

**  My  first  care  on  my  arrival  was  to  wait  on  Dr 
Maskelyne,  the  Astronomer  Royal,  with  whom  I 
had  become  acquainted  some  years  before  while  he 
was  engaged  in  his  experiments  on  Schehallien  in 
Perthsliire,  which  have  since  acquired  him  so  much 
reputation.  I  met  with  a  very  cordial  welcome 
from  himi  and  found  that  an  acquaintance  contract- 
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cd  among  wilds  and  mountains  is  much  more  likely 
to  be  durable  than  one  made  up  in  the  bustle  of  a 
great  city  ;  nor  would  I  by  living  in  London  for 
many  years  have  become  so  well  acquainted  with 
this  astronomer  as  I  did  by  partaking  of  his  hard- 
ships and  labours  on  Schehallien  for  a  few  days. 
Dr  Maskelyne  is  of  a  middle  age,  and  was  preferred 
to  the  honourable  station  he  now  fills  from  his  me- 
rits only.  He  is  an  excellent  observer,  and  a  good 
mathematician.  He  is  much  attached  to  the  study 
of  geometryi  and  I  am  not  sure  that  he  is  very  deep- 
ly versed  in  the  late  discoveries  of  the  foreign  alge- 
braists. Indeed,  this  seems  to  be  somewhat  the 
case  with  all  the  English  mathematicians  ;  they  de- 
spise their  brethren  on  the  Continent,  and  think  that 
every  thing  great  in  science  must  be  for  ever  confin- 
ed to  the  country  that  produced  Sir  Isaac  Newton. 
Dr  Maskelyne,  however,  is  more  than  almost  any  of 
them  superior  to  this  prejudice.  He  is  slow  in  appre- 
hending  new  truths,  but  his  mind  takes  a  very  firm 
hold  of  them  at  last.  He  has  been  of  great  service  to 
the  art  of  navigation,  by  facilitating  the  method  of 
discovering  the  longitude  at  sea  by  observations  of 
the  distance  of  the  moon  from  a  fixed  star.  But 
for  the  ingenuity  and  industry  of  Dr  Maskelyne 
that  method  would  have  remained  impracticable  to 
all  but  astronomers.  Dr  Maskelyne  has  been  ac- 
cused oF  sometimes  detracting  from  the  discoveries 
of  others  when  they  interfered  with  his  own  j   J  must 
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say,  however,  that  I  never  could  obsen^e  any  thing 
of  this  kind,  though  I  saw  him  placed  in  one  of  those 
critical  situations  where  envy  and  jealousy,  had  they 
lurked  anywhere  within  him,  could  scarcely  have 
failed  to  make  their  appearance, 

*•  At  Dt  Maskelyne's,  soon  after  my  arrival,  I 
was  introduced  to  Dr  Horsley,  That  gentleman, 
from  his  papers  in  the  Philosophical  Transactions, 
and  his  Commentary  on  the  Principia,  is  considered 
as  being  at  the  head  of  the  English  mathematicians* 
He  is  a  man  of  abilities ;  and  his  conversation,  when 
the  first  stiffness  is  worn  off,  becomes  very  pleasant* 
Our  conversation  turned  fii^st  on  Lord  Monboddo, 
who  is  a  great  friend  of  Horsley-  He  expressed 
great  respect  for  Lord  M.  for  his  learning  and  his 
acuteness,  and  (what  was  more  surprising)  for  the 
soundness  of  his  judgment.  He  talked  very  seri- 
ously of  the  notion  of  mind  being  united  to  all  the 
parts  of  matter,  and  being  the  cause  of  motion.  So 
far  as  1  could  gather,  Dr  Horsley  supposes  that 
every  atom  of  matter  has  a  soul,  which  is  the  cause 
of  its  motion,  its  gravitation,  &c.  What  has  made 
him  adopt  this  strange  unphilosophical  notion  I  can- 
not tell,  unless  it  be  the  fear  that  his  study  of  na- 
tural philosophy  should  make  him  suspected  of 
atheism,  or  at  least  of  materialism.  For  it  is  cer- 
tain that  there  is  at  present  a  prejudice  among  the 
English  clergy  that  natural  philosophy  has  a  tenden- 
cy to  make  men  atheists  or  materialists.     This  ab- 
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surd  prejudice  was  first  introduced,  I  think,  by 
that  illiberal  though  learned  prelate,  Dr  Warbur- 
ton. 

*'  This  was  the  first  time  that  I  had  seen  the  Ob- 
servatory of  Greenwich,  and  I  entered  with  profound 
reverence  into  that  temple  of  science,  where  Flam- 
stead,  and  Halley,  and  Bradley,  devoted  their  days 
and  their  nights  to  the  contemplation  of  the  heavens. 
The  shades  of  these  ancient  sages  seemed  still  to 
hover  round  their  former  mansion,  inspiring  their 
worthy  successor  with  the  love  of  wisdom,  and 
pointing  out  the  road  to  immortality, 

**  Though  the  climate  of  Greenwich  be  not  very 
favourable  to  observation,  yet,  such  has  been  the  in- 
dustry of  the  astronomers  belonging  to  that  observa- 
tory, that  more  good  observations  have  been  made 
there  than  in  any  other  part  of  the  world.  So 
much  do  the  moral  causes  sometimes  control  the 
physical.  The  place  of  Astronomer  Royal  has  asa^ 
laiy  of  L,  200  a-year.  Queen  Caroline  offered  to 
Dr  Halley,  who  was  then  Astronomer  Royal,  an 
augmentation  of  his  salary  j  but  that  philosopher, 
with  the  disinterestedness  of  a  true  lover  of  science, 
declined  accepting  it,  because,  he  said,  while  the  sa* 
lary  was  small,  the  place  would  never  be  an  object 
to  any  but  an  astronomer  j  should  it  become  more 
considerable,  it  would  be  sought  after  for  the  sake 
of  emolument,  and  might  be  given  away  from  poli- 
tical intrigue.     He,  therefore,  requested  of  her  Ma* 
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jesty  to  mark  her  zeal  for  science  rather  by  improv- 
ing  the  instruments  of  the  observatory,  than  by  aug- 
menting the  salary  of  the  astronomer, 

**  My  next  care  was  to  visit  the  British  Museum, 
and  to  deliver  to  Dr  So!ander  a  letter  of  introduc- 
tion which  I  had  brought  with  me  from  Dr  Robert* 
son.  Of  the  immense  collection  of  natural  curiosi- 
ties, and  of  historical  monuments  contained  in  the 
museum  r  it  is  impossible  to  speak ;  a  sti'anger  re- 
grets that  he  has  not  time  to  derive  any  advantage 
from  them,  surrounded,  as  he  probably  is,  with  a 
crowd  of  ignorant  people,  and  hurried  through  by 
guides  impatient  of  the  torture  which  they  continu- 
ally suflPer  from  the  impertinence  of  their  guests, 

"  The  good  humour  of  Dr  Solander  is  alone 
proof  against  all  these  assaults  of  impertinence  and 
folly,  and  he  has  never  been  known  to  utter  an  im- 
patient expression,  for  all  the  penance  that  the  fri- 
volity of  the  gay,  or  the  stupidity  of  the  dull,  could 
inSict.  He  is,  indeed,  a  very  pleasant  man,  has  liv- 
ed much  in  the  world,  both  of  literature  and  of 
fashion,  and  has  conversed  much  both  with  the  po- 
lite and  the  savage*  There  can  be  no  doubt  of  his 
skill  as  a  natural  historian,  yet  I  very  much  doubt 
if,  in  the  branch  of  mineralogy,  he  be  veiy  pro- 
found. This  I  say  from  his  recommending  to  me 
Linnaeus's  History  of  Fossils  as  the  best  rudiments 
of  mineralogy.  Now,  it  is  ceitain  that  that  book 
contains  nothing  but  names  and  external  characters, 
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and  that  Linnasus  himself  was  not  sufficiently  a  che- 
mist to  understand  the  theory  of  the  fossil  kingdom. 
The  same,  perhaps,  is  the  case  with  Dr  Solander. 
But  one  thing  for  which  I  admire  him  is,  that  he 
takes  an  interest  in  all  the  sciences,  and  is  not  of  the 
number  of  those  naturahsts  who,  while  they  count  the 
scales  of  a  salmon,  or  inspect  the  wing  of  a  butter- 
fly j  despii^e  the  labours  of  the  moralist  or  the  astro- 
nomer, 

**  I  was  carried  by  Dr  Solander  to  dine  with  the 
club  of  the  Royal  Society  at  the  Crown  and  An- 
chor, Though  I  met  here  with  many  people  whom 
I  wished  much  to  see,  yet  I  could  not  help  remark- 
ing, that  there  was  little  pains  taken  to  make  the 
company  very  agreeable  to  a  stranger;  and  I  had 
occasion  to  pity  two  or  three  foreigners  that  I  saw 
there,  who,  as  well  as  myself,  had  sometimes  less  at- 
tention paid  to  them  than  their  situation  required. 
However,  this  club  improved  much  on  bettei*  ac- 
quaintance, and  during  my  stay  in  London  I  fre- 
quented it  very  much.  Here,  for  the  first  time,  I 
found  some  advantage  from  having  written,  two 
years  before  this,  a  paper  in  the  Philosophical  Trans- 
actions. I  was  considered,  at  least,  as  a  man  of 
some  industry,  and  perhaps  the  title  of  a  Disserta- 
tion on  Impossible  Quantities,  conveyed  to  many 
people  there  an  idea  of  depth  much  beyond  the 
reality. 

**  Here  1  found  Mr  Smeaton  and  Mr  Aubert, 
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the  latter  a  very  polite  man,  iind  a  great  consolation  to 
a  stranger,  amid  the  inattention  of  the  English  phi- 
losophers* He  is  of  a  French  family,  a  great  lover 
of  astronomy,  and  possessed  of  the  best  set  of  astro- 
nomical instruments  tliat  belongs,  perhaps,  to  any 
private  man* 

^*  Mr  Smeaton  is  a  man  of  excellent  understand- 
ing, improved  more  by  very  extensive  experience  and 
observation,  than  by  learning  or  education.  Some 
mechanical  notions  concerning  force  were  the  occa- 
sion of  bringing  me  at  this  time  very  well  acquaint- 
ed with  him.  He  was  preparing  a  paper  for  the 
Royal  Society,  in  which  he  proved  that  there  was, 
in  the  collision  of  bodies,  a  loss  of  what  he  calls  me- 
chanical power.  From  the  imperfect  manner  in 
which  Mr  Smeaton  explains  himself  on  this  subject, 
wherever  he  has  had  occasion  to  treat  it,  it  has  been 
often  confounded  with  the  quantity  of  motion  of  the 
Newtonian  philosophers,  whereas  it  is  in  reality  the 
vis  viva  of  the  foreign  mathematicians.  He  had 
put  his  paper  into  the  hands  of  Mr  Cavendish,  and 
he,  understanding  the  thing  in  the  sense  I  have 
mentioned,  objected  to  Mr  Smeaton 's  notion,  as  in- 
consistent with  some  of  the  laws  of  motion  that  are 
the  most  perfectly  established.  On  first  reading 
Mr  Smeaton*s  paper,  I  was  exactly  of  Mr  Caven* 
dish's  opinion  ;  but  in  conversing  with  Mr  Smea- 
ton, through  the  embarrassment  of  his  language, 
which  is  very  great,  I  at  last  got  sight  of  his  true 
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meaning,  and  made  hini  very  happy  by  assuring 
him,  that  what  he  said  was  no  way  iocousistent  with 
the  Newtonian  doctrine  of  motion*  Truth,  how. 
ever,  made  it  necessary  lor  me  to  tell  him,  that  when 
what  he  said  was  properly  understood,  it  appeared 
to  me  to  be  very  true,  but  to  be  by  no  means  new, 
having  been  often  taken  notice  of  by  the  foreigners 
in  treating  of  hard  and  soft  bodies.  This  I  told  him 
with  all  the  softness  I  could,  imagining  that  he 
might  be  hurt  at  it,  and  knowing  well,  that  to  teU 
an  author  his  discoveries  are  not  new,  is  tlie  next 
thing  to  telling  him  that  they  are  not  true*  But 
Mr  Smeaton,  luckily  for  me,  did  not  feel  in  that 
manner  j  he  said,  that  if  it  was  known,  it  was  so 
only  to  a  few  of  the  mathematicians,  that  by  engin- 
eers,  for  whom  he  chiefly  wrote,  it  was  not  suffi- 
ciently understood,  and  that  his  experiment,  if  not 
his  conclusion,  was  a  new  one. 

**  Mr  Smeaton  has  much  the  appearance  of  an 
honest  and  worthy  man  j  his  manners  not  much  po- 
lished, but  his  conversation  most  instructive  in  every 
thing  that  relates  to  mechanics,  or  the  business  of 
an  engineer.  He  was  bred  a  mathematical  instru* 
ment  maker,  and  it  is  to  be  regretted  that  an  edu* 
cation  probably  not  liberal  has  deprived  him  of  the 
power  of  becoming  deeply  versed  in  mathematics, 
and  the  sublimer  parts  of  natural  philosophy. 

"  Mr  Cavendish  is  a  member  also  of  this  meet- 
ing.    He  is  of  an  awkward  appearance,  and  has 
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certainly  not  much  the  look  of  a  man  of  rank.  He 
speaks  likewise  with  great  diflScuIty  and  hesitation, 
and  very  seldom.  But  the  gleams  of  genius  break 
often  through  this  unpromising  exterior.  Ha  never 
speaks  at  all  but  that  it  is  exceedingly  to  the  pur- 
pose, and  either  brings  some  excellent  information, 
or  draws  some  important  conclusion.  His  know- 
ledge is  very  extensive  and  very  accurate ;  most  of 
the  members  of  the  Royal  Society  seem  to  look  up  to 
him  as  to  one  possessed  of  talents  confessedly  supe- 
rior ;  andp  indeed,  they  ha%e  reason  to  do  so,  for 
Mr  Cavendish,  so  far  as  I  could  see,  is  the  only  one 
among  them  who  joins  together  the  knowledge  of 
mathematics,  chemistry,  and  experimental  philoso- 
phy. 

"  Chemistry  is  the  f^age  in  London  at  present-  I 
was  introduced  by  Mr  B.  Vaughan  (with  whom  1 
became  acquainted  in  Edinburgh  while  he  studied  at 
the  university  there)  to  a  chemical  society,  which 
meets  once  a  fortnight  at  the  Chapter  Coffee-house, 
Here  I  met  Mr  Whithnrst,  a  venerable  old  man, 
author  of  an  Inquiry  into  the  Formation  of  the 
Earth,  Dr  Keir,  Dr  Craufurd,  and  several  others, 
Tlie  conversation  was  purely  chemical,  and  turned 
on  Berginann's  experiments  on  iron.  An  anecdote 
of  some  Indians  was  told,  that  struck  me  very 
much,  as  hokling  up  but  too  exact  a  picture  of  many 
of  our  theoi  ies  and  reasonings  from  analogy.  Some 
American  savages  having  experienced  the  effects  of 
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gunpowder,  and  having  also  accidentally  becQOie  mas- 
ters of  a  sinall  quantity  of  it*  set  themselves  to  exa- 
mine it,  with  a  design  of  finding  out  what  was  its 
nature,  and  how  it  was  to  be  procured.  The  old- 
est and  wisest  of  the  tribe,  after  considering  it  at- 
tentively, pronouDced  it  to  be  a  seed.  A  piece  of 
ground  was  accordingly  prepared  for  it,  and  it  was 
sown  in  the  fullest  confidence  that  a  great  crop  of 
it  was  to  be  produced- 

**  We  smile  at  the  mistake  of  these  Indians,  and 
we  do  not  consider,  that,  for  the  extent  of  their  ex- 
perience, they  reasoned  well,  and  drew  as  logical  a 
conclusion  as  many  of  the  philosophers  in  Europe. 
Whenever  we  reason  only  from  analogy  and  resem- 
blance, and  whenever  we  attempt  to  measure  the  na- 
ture of  things  by  our  conceptions,  we  are  precisely 
in  the  situation  of  these  poor  Americans. 

**  Mr  Vaughan  and  his  father  are  both  of  them 
dissenters,  and  at  their  house  I  often  found  all  the 
chief  men  of  that  interest  assembled;  Dr  Price, 
Priestley,  Kippis,  Tours,  and  a  number  of  others. 
To  be  a  Scotsman  was  far,  I  soon  found,  from  being 
a»y  recommendation  to  these  gentlemen,  and  they 
seemed  to  look  on  the  members  of  every  established 
church  with  contempt  or  abhorrence.  The  man- 
nets  of  Dr  Price  were  the  softest  by  far  of  any 
among  them,  and  I  found  myself  easiest  in  his  com- 
pany. He  is  certainly  a  good  mathematician,  but 
politics  absorb  at  present  all  his  thoughts. 
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Dr  Priestley  lias  made  so  great  a  figure  in  the 
world,  that  my  auxiety  to  see  him  was  very  great. 
But  his  conversation  has  nothing  in  it  very  remark- 
able.    When  politics  are  the  subject  of  discoui'se, 
he  has  the  same  violence  with  his  brethren,  and  sa- 
vours not  much  either  of  soundness  of  head  or  ex- 
tent of  information.     On  the  subjects  of  chemistry, 
and  the  doctrine  of  fixed  airi  he  talked,   indeed, 
with  a  great  deal  of  acuteness,  and  like  a  man  that 
had  been  long  conversant  with  experimental  philo- 
sophy.    He  was  at  this  time  particularly  engaged  in 
some  experiments,  to  prove  that  inflammable  air  is 
the  same  thing  with  phlogiston.      He  had  revived 
the  calces  of  scveml  metals^  by  shutting  them  up  in 
a  receiver  with  inflammable  air,  and  making  the 
focus  of  a   buiiiing  glass   to   fall   on    them,  they 
were  revived  and  converted  into  their  respective 
metals*  in  the  same  way  as  if  they  had  had  char- 
coal added  to  them  when  they  were  exposed  to  the 
heat. 

This  experiment  Dr  Priestley  has  since  published, 
but  by  the  best  chemists,  it  is  considered  as  insuffi- 
cient to  prove  the  point  in  question,  Dr  Priestley 
is  very  sanguine  in  the  forming  of  theories,  which 
he  does  very  often,  without  sufficient  data,  a  fault 
that  is  perhaps  compensated  by  the  facility  with 
which  he  afterwards  abandons  them.  On  the  whole, 
from  Dr  Priestley's  conversation,  and  from  his  writ- 
ings, one  is  not  much  disposed  to  consider  liim  as  a 
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person  of  first  rate  abilities.  The  activity,  rather 
than  the  force  of  his  genius,  is  the  object  of  admira- 
tion. He  is  indefatigable  in  making  experiments, 
and  he  compensates  by  the  number  of  them,  for  the 
miskilfulness  with  which  tliey  are  often  contrived, 
and  tlie  hastiness  with  which  conclusions  are  drawn 
from  them.  Thoogh  iittle  skilled  in  mathematics, 
he  has  wiitten  on  optics  with  tolerable  success,  and 
though  but  moderately  versed  in  chemistry,  he  has 
done  very  considerable  service  to  that  science* 

If  we  view  him  as  a  critic,  a  metaphysician,  and  a 
divine,  we  must  confine  ourselves  to  more  scanty 
praise.  In  his  controversy  with  Dr  Reid,  though 
he  has  said  many  things  that  are  true,  he  has  shown 
himself  wholly  incapable  of  understanding  the  prin- 
cipal point  in  debate  j  and  when  he  has  affirmed 
that  the  vague  and  unsatisfactory  speculations  of 
Hartley  have  thrown  as  much  light  on  the  nature 
of  man,  as  the  I'easonings  of  Sir  Isaac  Newton  did 
on  the  nature  of  body,  he  can  scarcely  be  allowed  to 
understand  In  what  true  philosophy  consists.  As  to 
his  theology,  it  is  enough  to  say  that  he  denies  the 
immateriality  of  the  soul,  though  he  contends  for  its 
immortahty,  and  ranges  himself  on  the  side  of  Chris- 
tianity. These  inconsistencies  and  absurdities  wiU 
perhaps  deprive  him  of  the  name  of  a  philosopher, 
but  he  will  still  merit  the  name  of  an  useful  and  di- 
ligent experimenter." 
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No.  II. 
ACCOUNT 

OF 

THE  SLIDE  OF  ALPNACH. 


**  On  the  south  side  of  Pilatus, 
a  considerable  mountam  near  Lucerne,  are  great  fo- 
rests of  spruce  fir,  consisting  of  the  finest  timberi  but 
in  a  situation  which  the  height,  the  steepness,  and 
the  ruggedness  of  the  ground,  seemed  to  render  in- 
accessible. They  had  rarely  been  visited  but  by  the 
chamois  hunters,  and  it  was  from  them,  indeed,  that 
the  first  information  concerning  the  size  of  the  trees 
and  the  extent  of  the  forest  appears  to  have  been  re- 
ceived. These  woods  are  in  the  canton  of  Unter- 
walden,  one  of  those  in  which  the  ancient  spirit  of 
the  Swiss  republics  is  the  best  preserved  ;  where  the 
manners  are  extremely  simple,  the  occupations  of 
the  people  mostly  those  of  agriculture,  where  there 
are  no  manufactures,  little  accumulation  of  capita], 
and  no  commercial  enterprise.  In  the  possession  of 
such  masters,  the  lofty  firs  of  Pilatus  were  likely  to 
remain  long  the  ornaments  of  their  native  moun- 
tain. 
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*'  A  few  years  ago>  liowever,  Mr  Rupp,  a  native  of 
Wirtembergt  and  a  skilful  engineer,  in  which  pro- 
fession he  had  been  educated,  indignant  at  the  poli- 
tical changes  effected  in  his  own  country,  was  in- 
duced to  take  refuge  among  a  free  people*  and  came 
to  settle  in  the  canton  of  Schwytz,  on  the  opposite 
side  of  the  lake  of  Lucerne.  The  accounts  which 
he  heard  there  of  the  forest  just  mentioned  deter* 
mined  him  to  visit  it,  and  he  was  so  much  struck 
by  its  appearance,  that,  long  and  rugged  as  the  de- 
scent was,  he  conceived  the  bold  project  of  bringing 
down  the  trees  by  no  other  force  than  their  own 
weight  into  the  lake  of  Lucerne,  from  which  the 
conveyance  to  the  German  Ocean  was  easy  and  ex- 
peditious. A  more  accurate  sunrey  of  the  ground 
convinced  him  of  the  practicability  of  the  project- 

**  He  liad  by  this  time  resided  long  enough  in 
Switzerland  to  have  both  his  talents  and  integrity  in 
such  estimation,  that  he  was  able  to  prevail  on  a 
number  of  the  proprietors  to  form  a  company,  with 
a  joint  stock,  to  be  laid  out  in  the  purchase  of  the 
forest,  and  in  the  construction  of  the  road  along 
which  it  was  intended  that  the  trees  should  slide 
down  into  the  lake  of  Lucerne,  an  arm  or  gulf  of 
which  fortunately  approaches  quite  near  to  the  bot- 
tom of  the  mountain.  The  sum  required  for  this 
purpose  was  very  considerable  for  that  country^ 
amounting  to  nine  or  ten  thousand  pounds ;  three 
thousand  to  be  laid  out  on  the  purchase  of  the  fo- 
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rest,  from  the  community  of  Alpnach,  the  proprie- 
tors of  it,  and  the  rest  being  necessary  for  the  con- 
struction of  the  singiilar  railway  by  which  the  trees 
were  to  be  brought  down.  In  a  country  where 
there  is  little  enterprise,  few  capitalists,  and  where 
he  was  himself  a  stranger,  this  was  not  the  least  dif- 
ficult part  of  Mr  Rupp's  undertaking* 

**  The  distance  which  the  trees  had  to  be  convey- 
ed is  about  three  of  the  leagues  of  that  country,  or* 
more  exactly,  46,000  feet.  The  medium  height  of 
the  forest  is  abont  2500  feet ;  (which  measure  I 
took  from  General  Pfyffer*s  model  of  the  AlpSi  and 
not  from  any  actual  measurement  of  my  own.)  The 
horizontal  distance  just  mentioned,  when  reduced  to 
English  measure,  making  allowance  for  the  Swiss 
foot,  is  44',252  feet,  eight  English  miles  and  about 
three  furlongs*  The  declivity  is  therefore  one  foot 
in  17*68  }  the  medium  angle  of  elevation  3'  14'  20'* 

**  This  declivity,  though  so  moderate,  on  the 
whole,  is,  in  many  places,  very  rapid  ;  at  the  begin- 
ning the  inclination  is  about  one-fourth  of  a  right 
angle,  or  about  2*2^  30'  j  in  many  places  it  is  20\ 
but  nowhere  greater  than  the  angle  first  mention- 
ed, 22^  30'.  The  inclination  continues  of  this  quan- 
tity for  about  500  feet,  after  which  the  way  is  less 
steep,  and  often  considerably  circuitous,  according 
to  the  directions  which  the  ruggedness  of  the  ground 
forces  it  to  take, 

'*  Along  this  line  the  trees  descend,  in  a  sort  of 
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trough,  built  in  a  cradle  form,  and  extending  from 
the  forest  to  the  edge  of  the  lake.  Three  trees, 
squared,  and  laid  side  by  side,  form  the  bottom  of 
the  trough  ;  the  tree  in  the  middle  having  its  sur- 
face hollowed,  so  that  a  rill  of  water  received  from 
distance  to  distance,  over  the  side  of  the  trough^ 
may  be  conveyed  along  the  bottom,  and  preserve  it 
moist.  Adjoining  to  the  central  part,  (of  the  trough,) 
other  trees,  also  squared,  are  laid  parallel  to  the 
former,  in  such  a  manner  as  to  form  a  trough, 
rounded  in  the  interior,  and  of  such  dimensions  m 
to  allow  the  largest  trees  to  lie,  or  to  move  along 
quite  readily,  ^\Tien  the  direction  of  the  trough 
turns,  or  has  any  bending,  of  which  there  are  many, 
its  sides  are  made  higher  and  stronger,  especially  on 
the  convex  side,  or  that  from  which  it  bends,  so  as 
to  provide  against  the  trees  bolting  or  flying  out, 
which  they  sometimes  do,  in  spite  of  every  precau- 
tion. In  general,  the  trough  is  from  five  to  six  feet 
wide  at  top,  and  from  three  to  four  in  depth,  vary- 
ing, however,  in  different  places,  according  to  cir- 
cumstances* 

'*  This  singular  road  has  been  constructed  at  con- 
siderable expence  j  though,  as  it  goes,  almost  for  its 
whole  length,  through  a  forest,  the  materials  of  con* 
struction  were  at  hand,  and  of  small  value.  It  con- 
tains, we  were  told,  thirty  thousand  trees  ;   it  is,  in 
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selves  supported  by  uprights  fixed  in  the  ground  j 
and  these  cross  timbers  are  sometimes  close  to  the 
surface  j  they  are  occasionally  under  it,  and  some- 
times elevated  to  a  great  height  above  it.  It  crosses 
in  its  way  three  great  ravines,  one  at  the  height  of 
64  feet,  another  at  the  height  of  103,  and  the  third, 
where  it  goes  along  the  face  of  a  rock,  at  that  of 
157  ;  in  two  places  it  is  conveyed  underground.  It 
was  finished  in  1812. 

"  The  trees  which  descend  by  this  conveyance  are 
spruce  firs,  very  straight,  and  of  great  size-  Ail 
their  branches  are  lopped  off ;  they  are  stripped  of 
the  bark,  and  the  surface,  of  course,  made  tolerably 
smooth.  The  trees,  or  logs,  of  which  the  trough  is 
built,  are  dressed  with  the  axe,  but  without  much 
care. 

**  All  being  thus  prepared,  the  tree  is  launched 
with  the  root  end  foremost,  into  the  steep  part  of  the 
trough,  and  in  a  few  seconds  acquires  such  a  veloci- 
ty as  enables  it  to  reach  the  lake  in  the  short  space 
of  six  minutes ;  a  result  altogether  astonishing, 
when  it  is  considered  that  the  distance  is  more  than 
eight  miles,  that  the  average  declivity  is  hut  one  foot 
in  seventeen,  and  that  the  route  which  the  trees 
have  to  ibilow  is  often  circuitous,  and  in  some  places 
almost  horizontal. 

**  Where  large  bodies  are  moved  with  such  velocity 
m  has  now  been  described,  and  so  tremendous  a  force 
of  course  produced,  everything  had  need  to  be  done 
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with  the  utmost  regularity ;  every  obstacle  carefully 
removed  that  can  obstruct  the  motion,  or  that  might 
suffer  by  so  fearful  a  collision*  Every  thing,  accord- 
ingly, with  regard  to  launching  off  the  trees^  is  di- 
rected by  telegraphic  signals.  All  along  the  slide, 
men  are  stationed,  at  different  distances,  from  half 
a  mile  to  three  quarters,  or  more,  but  so  that  every 
station  may  be  seen  from  the  next,  both  above  and 
below.  At  each  of  these  stations,  also,  is  a  telegraph, 
consisting  of  a  large  board  like  a  door,  that  turns  at 
its  middle  on  a  horizontal  axle.  When  the  board  is 
placed  upright,  it  is  seen  from  the  two  adjacent  sta- 
tions ;  when  it  is  turned  horizontally,  or  rather  pa- 
rallel to  the  surface  of  the  ground,  it  is  invisible  from 
both.  When  the  tree  is  launched  from  the  top,  a 
signal  is  made,  by  turning  the  board  upright ;  the 
same  is  followed  by  the  rest,  and  thus  the  informa- 
tion is  conveyed,  almost  instantaneously,  all  along 
the  slide,  that  a  tree  is  now  on  its  way.  Bye  and 
bye,  to  any  one  that  is  stationed  on  the  side,  even  to 
those  at  a  great  distance,  the  same  is  announced  by 
the  roaring  of  the  tree  itself,  which  becomes  always 
louder  and  louder;  the  tree  comes  in  sight  when  it 
is  perhaps  half  a  mile  distant,  and  in  an  instant  afte? 
shoots  past,  with  the  noise  of  thunder  and  the  rapi- 
dity of  lightning.  As  soon  as  it  has  reached  the 
bottom,  the  lowest  telegraph  is  turned  down,  the 
signal  passes  along  all  the  stations,  and  the  workmen 
at  the  top  are  informed  that  the  tree  has  arrived  in 
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safety-  Another  is  set  off  as  expeditiously  as  pos- 
sible ;  the  moiuent  is  announced,  as  before,  and  the 
same  process  is  repeated,  till  all  the  trees  that  have 
been  got  in  readiness  for  that  day  have  been  sent 
down  into  the  lake* 

**  When  a  tree  sticks  by  accident,  or  when  it  flies 
out,  a  signal  is  made  from  the  nearest  station,  by 
half  depressing  the  boaid,  and  the  workmen  from 
above  and  below  come  to  assist  in  getting  out  the 
tree  that  has  stuck,  or  correcting  any  thing  that  is 
wrong  in  the  slide,  from  the  springing  of  a  beam  in 
the  slide ;  and  thus  the  interruption  to  the  work  is 
rendered  as  short  as  possible. 

'*  We  saw  five  trees  come  down ;  the  place  where 
we  stood  was  near  the  lower  end,  and  the  declivity 
was  inconsiderable,  (the  bottom  of  the  slide  nearly 
resting  on  the  surfiice,)  yet  the  trees  passed  with  asto- 
nishing rapidity.  The  greatest  of  them  was  a  spruce 
fir  a  hundred  feet  long,  four  feet  in  diameter  at  the 
lower  end,  and  one  foot  at  the  upper.  The  great- 
est trees  are  those  that  descend  with  the  greatest  ra- 
pidity J  and  the  velocity  as  well  as  the  roaring  of 
this  one  was  evidently  greater  than  of  the  rest.  A 
tree  must  be  very  large,  to  descend  at  all  in  this 
manner;  a  tree,  Mr  Rupp  informed  us,  that  was 
only  half  the  dimensions  of  the  preceding,  and 
therefore  only  an  eighth  part  of  its  weight,  would 
not  be  able  to  make  its  way  from  the  top  to  the  bot- 
tom.    One  of  the  trees  that  we  saw  broke  by  some 
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accident  into  two ;  the  lighter  part  stopped  almost 
immediately,  and  the  remaioing  part  came  to  rest 
soon  after.  This  is  a  valuable  fact  j  it  appears  from 
it  that  the  friction  is  not  in  proportion  to  the  weight, 
but  becomes  relatively  less  as  the  weight  increases, 
contrary  to  the  opinion  that  is  generally  received, 

**  In  viewing  the  descent  of  the  treeSt  my  nephew 
and  I  stood  quite  close  to  the  edge  of  the  trough, 
not  being  more  interested  about  anything  than  to 
experience  the  impression  which  the  near  view  of 
so  singular  an  object  must  make  on  a  spectator. 
The  noise,  the  rapidity  of  the  motion,  the  magni* 
tude  of  the  moving  body,  and  the  force  with  which 
it  seemed  to  shake  the  trough  as  it  passed^  were  al- 
together very  formidable,  and  conveyed  an  idea  of 
danger  much  greater  than  the  reality.  Our  guide 
refused  to  partake  of  our  amusement  j  he  retreated 
behind  a  tree  at  some  distance,  where  he  had  the 
consolation  to  be  assured  by  Mr  Rupp,  that  he  was 
no  safer  than  we  were,  as  a  tree,  when  it  happened 
to  bolt  from  the  trough,  would  often  cut  the  stand- 
ing treeg  clear  over.  During  the  whole  time  the 
slide  has  existed,  there  have  been  three  or  four  fatal 
accidents,  and  one  instance  was  the  consequence  of 
excessive  temerity. 

**  I  have  mentioned  that  a  provision  was  made  for 
keeping  the  bottom  of  the  trough  wet ;  this  is  a  very 
useful  precaution  ;  the  friction  is  greatly  diminished, 
and  the  swiftness  is  greatly  increased  by  that  means. 


In  rainy  weather  the  trees  move  much  faster  than  m 
dry.  We  were  assured  that  when  the  trough  waa 
every  wherein  its  most  perfect  conditioO|the  weather 
wet,  and  the  trees  very  large,  the  descent  was  some- 
times made  in  as  short  a  time  as  three  minutes. 

**  The  trees  thus  brought  down  into  the  Lake  of 
Lucerne  are  formed  into  rafts,  and  floated  down  the 
very  rapid  stream  of  the  Reuss,  by  which  the  lake 
discharges  its  waters  first  into  the  Aar,  and  then 
into  the  Rhine.  By  this  conveyance,  which  is  all 
of  it  in  streams  of  great  rapidity,  the  trees  sometimes 
reach  Basle,  in  a  few  days  after  they  have  left  Lu* 
cerne ;  and  there  the  immediate  concern  of  the 
Alpnach  company  terminated*  They  still  continue 
to  be  navigated  down  the  Rhine  in  rafts  to  Holland, 
and  are  afloat  in  the  German  Ocean  in  less  than  a 
month  from  ha\ing  descended  from  the  side  of  Pi- 
latus,  a  very  inland  mountain,  not  less  than  a 
thousand  miles  distant*  Tlie  late  Emperor  of  France 
had  made  a  contract  for  all  the  timber  thus  brought 
down. 

"  From  the  phenomena  just  described,  I  have  de- 
duced several  conclusions,  of  which  at  present  I  can 
only  give  a  very  general  aceount^  without  entering 
into  any  of  the  mathematical  reasonings  on  which 
they  rest. 

"1.  Tlie  rapidity  of  the  descent  is  so  extraordi- 
nary,  it  is  so  much  greater  than  any  thing  that  could 
have  been  anticipated,  exceeding  that  of  a  horse  at 
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nearly  m  the  ratio 
count  seems  to  traad  on  the  very  verge  of  possibili- 
ty, and  to  touch  the  lioe  that  divides  between  what 
may,  and  what  cannot  exist.  The  same  question, 
therefore,  I  have  no  doubt,  has  occurred  to  many 
that  occurred  to  myself,  when  I  first  heard  of  this 
exiraordinary  phenomenon* 

*'  Is  it  possible  that  even  if  there  were  no  friction, 
and  if  a  body  was  accelerated  along  the  line  of  swift- 
est descent,  from  a  point  S500  feet  above  another, 
and  horizontally  distant  from  it  by  44,000,  that  it 
could  aiTive  at  that  lower  point  in  three  or  even  in 
six  minutes?  This  was  the  first  question  that  oc- 
curred to  me,  and  at  a  distance  from  books  as  I  was 
then,  and  in  no  condition  to  undertake  any  nice  or 
difficult  calculation,  I  could  only  satisfy  myself  by 
a  rude  approximation,  that  there  was  nothing  in  the 
reported  circumstance  that  was  without  the  limits  of 
possibility.  Had  the  result  of  the  calculation  been 
contrary,  I  should  not  only  have  disbelieved  the  re- 
port, but  I  should  have  doubted  the  testimony  of  my 
own  senses. 

*•  From  a  more  accurate  calculation  I  find  that  if  no 
friction  nor  resistance  took  place,  and  if  the  moving 
body  was  allowed  to  take  its  flight  in  the  line  of  the 
swiltest  descent,  that  it  would  do  so  in  less  than  sixty- 
six  seconds.  This  is  the  minimum  then  of  time,  and 
we  may  rest  assured,  while  the  laws  of  nature  con- 
tinue the  same  that  they  are  now,  that  no  body^  in 
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the  circumstances  just  described,  can  perform  its 
journey  io  less  time  than  the  above. 

**  But  though  the  descent  of  the  trees  at  Alpiiach 
contains  nothing  inconsistent  with  the  acceleration 
of  bodies  by  gravity,  it  is  not  to  be  reconciled  with 
the  notions  concerning  friction,  that  are  usually  re- 
ceived even  in  the  scieutific  world. 

**  It  is  common  to  consider  friction  as  a  force  bear- 
ing a  certain  proportion  to  the  weight  of  the  body 
moved,  and  as  retarding  the  body  by  a  force  propor* 
tional  to  its  weight,  amounting  to  a  fourth  or  fifth 
part,  or  when  least  to  a  tenth  or  twelfth  part  of  gi*a- 
Tity,  A  body,  therefore,  that  was  descending  along 
an  inclined  plane,  would  be  accelerated  by  its  own 
gravity,  minus  the  force  of  friction,  a  constant  force 
that  increased  in  proportion  to  the  body. 

**  Now,  in  the  present  case,  it  will  soon  appear 
that  the  retardation  is  vastly  less  than  would  arise 
from  any  of  these  suppositions* 

**  Supposing  it  to  be  true,  that  friction  in  a  given 
instance  (the  surface,  tlie  inclination,  and  the 
weight,  being  all  given)  acts  as  a  uniformly  retard* 
ing  force,  I  have  found  that  a  body  sliding  along  an 
Inclined  surface,  under  the  acceleration  of  gravity, 
and  the  retardation  of  friction,  will  be  accelerated,  so 
that  it  will  have  at  every  point  the  velocity  that 
would  be  acquired  by  falling  by  its  own  gravity  from 
a  line  inclined  to  the  horizon,  that  is  drawn  from  the 
point  where  the  body  began  to  move,  and  that  makes 
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with  the  horizon  an  angle,  the  tangent  of  which  ^ 
tlie  fraction,  that  denotes  the  ratio  of  friction  to 
gravity.  The  velocity  of  the  moving  body  is 
therefore  as  the  square  root,  of  the  portion  of  a  ver- 
tical passing  through  the  body,  and  reaching  up  to 
the  line  just  mentioned,  or  the  line  of  no  accelera- 
tion. 

**  As  the  trees  at  Alpnach  enter  the  lake  with  a 

considerable  velocity,  it  is  evident  that  the  lioe  of 
no  acceleration,  drawn  from  the  top  of  the  slide, 
does  not  reach  the  ground  at  the  point  where  the 
slide  ends,  but  is  then  still  considerably  above  the 
surface  ;  the  tangent,  therefore,  of  the  angle  which 
that  line  makes  with  the  horizon,  is  much  less  than 
Y^.  There  is  reason  to  think  that  it  does  not  in 
reality  amount  to  ^  of  this,  and  is  therefore  less 
than  j^*  It  follows,  then,  that  the  friction  that 
trees  suffer  in  the  slide  is  less  than  one-fiftieth  of 
their  weight. 

**  Now,  from  what  can  we  suppose  the  small  pro- 
portion that  friction,  in  this  instance,  bears  to  the 
weight,  to  arise  ?  It  is  not  that  the  surfaces  have  a 
great  smoothness  or  a  fine  polish.  The  logs  that 
form  the  trough  are  coarsely  dressed  with  the  adze, 
and  I  observed  that  there  was  not  even  the  precau* 
tion  taken  of  making  the  grain  of  the  wood  lie  down- 
ward, or  toward  the  declivity.  It  was  so  in  the 
tree,  but  not  in  the  trees  which  composed  the  slide. 
It  is  not  that  any  lubricating  substance,  oil,  grease. 
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soap^  or  black-lead,  is  interposed  between  tbeir  sur* 
faces*  Water  is  the  only  substance  of  this  kind  that 
is  applied.  We  have  fir  rubbing  on  fir,  which  is 
supposed  a  case  remarkably  unfavourable  to  the  di- 
minution of  frictiont  It  can  only  arise,  therefore, 
from  a  principle  that  some  mechanical  writers  have 
suspected  to  exist,  but  which  was  never  before,  I 
think,  proved  by  the  direct  evidence  of  facts,  name- 
ly, that  the  force  of  friction  does  not  increase  in  the 
proportion  of  the  weight  of  the  rubbing  body,  so 
that  heavy  bodies  are,  in  reality,  less  retarded  in  their 
motion  on  an  incjined  surface  than  lighter  bodies. 
This  the  whole  of  the  phenomena  I  have  been  de- 
scribing, tend  to  prove,  especially  the  fact  I  men* 
tioned,  that  heavy  trees  made  their  way  more  easily 
than  light  ones,  and  that  a  tree  must  be  of  a  cer- 
tain magnitude  t«  make  its  way  to  the  bottom. 
Friction,  therefore,  does  not  bear  even  in  the  same 
materials  a  given  ratio  to  the  weiglit,  but  a  ratio 
that  evidently  decreases  as  the  weight  increases  ;  so 
that,  in  a  fir  of  ordinary  size  it  is  -^^  or  y^,  in  one 
of  100  feet  in  length  it  is  between  ~  and  ^,  Ac- 
cording to  what  law  this  change  takes  place,  it 
would  be  most  useful  to  investigate  j  it  is  an  in- 
quiry for  those  engineers  who  have  strong  machinery 
and  great  power  ready  at  command. 

•*  I  must  observe  also,  that  I  strongly  suspect  that 
friction  diminishes  with  the  velocity  of  the  moving, 
or  sliding  body*     That  it  passes  all  at  once  when  a 
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body  begins  to  move,  to  be  only  half  of  what  it  was 
when  the  body  was  at  rest,  is  quite  certain,  and  is 
pjoved  by  many  experiments.  It  seems  to  me  not 
UDlikely  that  the  same  progress  contioues  as  the  mo- 
tion becomes  greater.  Perhaps  in  as  much  as  fric- 
tion is  concerned,  the  pressure  is  lessened  by  the 
velocity,  and  the  poet  was  not  so  far  mistaken  as  he 
is  generally  supposed  to  be»  when  he  said  of  his 
heroine, 


nia  vel  intjictAe  eegetia  per  summa  volaret 
Gramina^  nee  teneras  cursu  laesisset  arbtas. 
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However  that  be,  we  have  a  strong  example  here  of 
the  danger  of  concluding  in  many  of  the  researches 
of  mechamcs,  from  experiments  made  on  a  small 
scale  to  the  practice  that  is  to  be  proceeded  on  in  a 
great  one.  It  requires  some  attention  to  enable  us 
to  discriminate  between  the  eases  where  we  can 
safely  proceed  from  the  small  to  the  great*  and  those 
in  which  we  cannot,  A  man,  from  finding  that 
bodies  of  a  pound  or  half  a  pound  are  in  equilibrio 
when  their  distances  from  the  fulcrum  are  inversely 
as  their  weights,  might,  without  danger  of  error, 
transfer  the  conclusion  to  weights  of  hundreds  of 
tons,  or  to  whole  planets,  were  It  possible  to  make 
the  experiment  on  so  large  a  scale.  But  when  he 
finds  that  the  friction  of  a  body  of  a  pound,  or  a 
hundred  weight,  is  one-fourth  of  the  weight,  he 
pannot,  with  equal  safety,  presume  that  the   same 
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will  hold  when  bodies  of  iminense  weight  and  size 
come  to  rub  against  one  another.  There  are  many 
other  cases  of  the  same  kind.  In  general,  when 
our  experiments  lead  to  the  knowledge  of  a  fact  and 
not  of  a  principle,  there  is  caution  required  in  ex- 
tending the  conclusions  beyond  the  limits  by  which 
the  experiments  have  been  confined-  This  is  the 
case  with  the  experiments  on  friction^  where  we 
know  only  facts,  and  have  no  principle  to  guide  us  j 
that  is,  we  have  not  been  able  to  connect  the  facts 
with  any  of  the  known  and  measurable  properties 
of  body.  In  the  case  of  the  lever,  we  have  con- 
nected the  fact  with  the  inertia  of  matter,  and  the 
equality  of  action  and  reaction-  We  have,  there* 
fore,  a  right  to  repose  confidence  on  the  one,  when 
extended,  though  not  on  the  other. 

**  That  friction  belongs  to  the  cases  in  winch 
great  caution  is  necessary  in  extending  the  conclu- 
sions of  experiments,  is  indeed  most  strongly  evin- 
ced by  the  operations  that  have  now  been  described, 
the  result  of  which  is  such  as  could  not  have  been 
anticipated  from  those  experiments.  The  danger 
here,  however,  is  quite  of  an  opposite  kind  from  that 
which  commonly  takes  place  in  such  instances.  The 
experiments  on  the  small  scale,  usually  represent  the 
thing  as  more  easy  than  it  is  upon  the  great,  and 
engage  us  in  attempts  that  prove  abortive,  and  are 
followed  by  disappointments  and  even  ruin.  In  the 
present  case,  the  experiments  on  the  small  scale  re-: 
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present  the  tblog  as  more  difficult  than  when  tried 
on  a  great  one  it  is  found  to  be,  and  would  lead  us» 
by  an  error,  tbe  direct  opposite  of  the  last,  to  con* 
elude  things  to  be  impracticable  that  may  be  carried 
into  effect  with  ease*  Had  the  iogenious  inventor 
of  the  slide  at  Alpnach  been  better  acquainted  with 
the  received  theories  of  friction,  or  the  experinaents 
on  which  they  are  founded,  even  those  that  are  the 
best^  and  on  the  greatest  scale,  such  as  those  of  an- 
other most  skilful  engineer,  M-  Coulomb,  or  had  he 
placed  more  faith  in  them,  he  would  never  have  at- 
tempted the  great  work  in  which  he  has  so  eminent- 
ly  succeeded." 


No.  HI. 

Kinnell  Houses  Jan.  9,  1822, 
Mt  Dear  Sir, 

I  AM  sorry  that  you  have  not  been  able  to 
send  me  the  Biographical  Account  of  your  Uncle  with 
the  last  alterations  and  corrections.  I  can^  there- 
fore, only  say,  that,  in  the  state  in  which  I  saw  it,  I 
read  it  with  entire  satisfaction,  and  I  have  no  doubt 
that  it  has  since  been  improved  in  consequence  of 
the  suggestions  of  your  other  friends. 


Considering  the  truly  filial  relation  in  which  you 
stood  to  your  uncle  from  the  period  of  your  child- 
hood, I  think  you  have  judged  wisely  in  abstaining 
from  any  attempt  to  appreciate  his  scientific  and  lite- 
rary merits*  Indeed^  in  my  opinion,  such  an  at- 
tempt would  have  been  wholly  out  of  place,  in  front 
of  a  publication  exhibiting  a  combination  of  the 
soundest  philosophy,  and  of  the  profouudest  science, 
with  powers  of  eloquence  and  skill  in  composition 
which  place  the  Author  in  the  first  rank  of  our  clas- 
sic writers*  As  to  those  features  of  his  character 
which  are  less  known  to  the  public,  a  faithfid  and 
perfect  resemblance  is  preserved  in  the  masterly  por- 
trait  of  Mr  Jeffrey,  which  you  will,  no  doubt,  add  to 
your  own  Memoir. 

Had  the  state  of  my  health  permitted,  I  should 
have  had  much  satisfaction  in  offering  the  best  tri- 
bute in  my  power  to  the  memory  of  my  excellent 
and  illustrious  friend  ;  but  my  late  indisposition  still 
deprives  me  in  a  great  measure  of  the  use  of  my 
right  hand,  and  it  is  not  without  difficulty  that  I 
have  been  able  to  dictate  these  few  sentences. 

I  am,  my  Dear  Sir, 

Yours  most  truly, 

DuGALD  Stewart- 

To  Dr  James  Play  fair* 

VOL.  L  h 
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Alps  and  Pyrenees,  $  200.  SOl^^-on  Benlawers  in  Perth- 
shire, 5  202,^ — coast  of  Berwickshire,  tfi. — Plymouth,  $  203, 
Strata  suffering  such  ioHectians  have  been  sofl  and  ductile 
§  £04»  General  property  of  these  inflections,  §  205, 20S. 
Pniform  stretch  of  the  primary  strata,  §  207.  Inference* 
as  to  tlie  nature  of  the  elevating  force,  §  208.  Imperfec- 
tion of  other  theories.  Crystalli^atioD,  i^.  Marks  of  un- 
duUe  in  the  schistuB,  §  209.  Elevation  of  the  strata  a 
stronghold  of  the  Huttonian  theory,  §  210.  Elevation  of 
the  strata  eaables  lis  to  see  far  Into  the  interior  of  the 
earth,  §  211, 


Note  %iu* — Metallic  Veins. 


p.  244 


Specimens  of  native  iron,  §  212,  213,  Margraaf's  specimen, 
§  214.  Kirwan'a  hypothesis,  §  215-  Increase  of  the  ape? 
cific  gravity  of  native  gold  by  fusion,  no  argumaDt  against 
ita  igneous  origin,  §  216*     Specimens  of  gold  and  silver 
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shooting  through  ciuartz,  ait  argument  in  favour  of  the 

HuUonian  theory,  §  218,  219*  Proof  in  favour  of  the 
same  from  chalcedony  including  calcareous  spar^  §  220- 
Matter  that  fills  veins  not  from  above  or  from  either  side, 
§  221*  Opinion  of  the  Neptunists,  §  222.  Supposed  fact 
that  veins  are  less  rich  as  the  depth  increases,  §  223.  No 
marks  of  horizontal  deposition  in  veins;  their  coating 
di§ers  from  stratiEcacion,  §  224.  Neptuntsts  appear  to  be 
misled  by  tbe  term  Stratification,  §  225,  226.  Veins 
heave  or  shift  one  another,  §  227.  Vast  force  employed 
for  that  purpose,  §  228.  Veins  of  different  formation, 
§231'  Pieces  of  rock  insulated  in  veins,  §  232.  Suppo* 
sition  that  veins  have  been  filled  by  inBltrations,  absurd^ 
%S3.     Lenticular  veins,  and  Pipe  veins,  §  234. 


Note  xnr. — Oa  "Whinstone.     Page  264 


Whinstone,  neither  of  volcanic  nor  aqueous  formation, 
§  235.  Zeolite  and  carbonate  of  lime  included  in  v^hin- 
stone^  but  not  in  lava,  iL  Not  introduced  by  infiltration, 
§  236.  Disposition  of  whinstone  mountains  differs  from 
that  of  streams  of  lava,  $  237.  This  argument  first  em- 
ployed by  Mr  Strange,  §  238*  His  general  views  of  this 
subject,  §  239.  EKplanation  of  the  regular  structure  of 
whinstone  hills,  according  to  Dr  Hutton's  theory,  §  240- 
Many  hilk  supposed  to  be  extinguished  volcanoes ,  are 
rocks  of  real  v^hinstone  that  has  flowed  deep  under  the 
surface.  Vein  of  whiDJtone  naiitaken  for  a  stream  of 
lava  by  Faujas,  §  24l,  24'2.  Submarine  volcanoes  of 
Dolomieu,  §  243*  Objections  to  this  theory,  §  244,  245. 
Dolomieu  in  another  place  contends  for  the  aqueous  for- 
mation ofbasalteSj  §  246.  His  arguments  answered  ;  also 
those  of  Bergraauj  §  248,  249.     Argument  of  VVernef 
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for  the  aqueous  origin  of  basaltes,  {  250.  Reomifa  od 
the  suppofied  gradual  tranution  of  basaltes  to  argiOaoeous 
schiatuB,  §  251,  252.  Of  the  shells  said  to  be  found  in 
basaltes^  §  25S.  Instances  from  PortruiBh  in  Ireland^  and 
from  Cerigo  on  the  Coast  of  Greece,  ib.  and  254^— firom 
the  Veronese,  §  255.  Objections  to  the  Neptunian  for- 
mation of  whinstone,  founded  on  the  difference  between 
it  and  the  contiguous  stratified  rocks,  §  256.  On  the  te- 
semblahce  of  the  strata  below  and  above  certain  manes 
of  whinstone,  §  25?.  On  the  irregularity  of  the  tluck- 
ness  of  those  masses^  §  258.  Wedge  form  masses  of  whin- 
stone  included  between  strata,  §  259.  Consequencet  of 
this  wedgeTorm,  §  260.  Sandstone  fragments  indiided  in 
whin,  §  261,  262.  Bending  of  the  strata  contigaooBto 
whinstone,  §  264<.  Induration,  §  265,  266.  Charring  of 
coal  by  whin,  §  267*  Of  the  manner  in  which  the  bito* 
men  may  have  been  driven  off  by  heat,  $  268.  Two 
kinds  of  fossil  coke,  §  ^69-  Graduation  into  plumbago^  ti. 
and  270.  Only  remaining  objection  obviated  by  Sir 
James  Hall's  experiments,  §  271. 


Note  xv.— On  Granite.     Pige  808 

Granite  veins  of  two  kinds,  §  274*  Veins  of  which  Ae  com- 
munication with  large  masses  of  the  same  stone  is  not 
visible :  At  the  Isle  of  Col  in  the  Hebrides,  §  dTS*— at 
PorUoy,  §  276,— in  Cornwall,  §  277,— in  Glentilt,  §  278. 
Veins  visibly  connected  with  larger  masses.  Argutbent 
furnished  by  them  in  favour  of  this  theory,  §  279,  280- 
Impossibility  of  their  being  formed  by  infiltration,  §  281. 
Veins  of  tliis  kind  in  Arran,  §  282,— Galloway,  §  283,— 
sides  ofLochChloney,Invcrnes6-shirc,§284, — St  Miduel's 
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t  Mount,  Cornwall,  §  285.  Fragments  of  scbistue  contain- 
ed in  granite,  §  287- 

2,  Granite  of  Portsoy •         Page  321 

Description  of  this  granite,  §  2SS^  Pierre  graptiique  of  M. 
Palrin  not  perfectly  tlie  same  witli  that  of  Portsoy,  §  289. 
Quartz  crystaUized  in  the  pierre  graphique,  §  290*  In- 
stances of  quartz  crystallized  in  other  granites.  Id  that 
of  St  Agnes  in  Cornwall,  §  291*  Whether  tliis  crystalli- 
zation  h  only  found  in  secondary  granitesi  §  292. 

3.  Stratification  of  Granite.         p,  326 

Question  stated  concerning  the  stratification  of  granite,  § 
293.     Remarkable  examples  of  stratified  granite  at  Chor- 

^  ley  Forest,  Leicestershire,  and  at  Fassnet  Water  in  Ber- 
wickshire, §  295.  Stratification  of  Mont  Blanc,  and  the 
Aiguilles  of  Chamouni  mamtaioed  by  Saassure,  §  296,297* 

^'  Seems  neveitheless  doubtful,  §  298.  In  the  granite 
mountains  of  Arran  doubtful,  §  300.  Explanation  of  the 
stratification  of  granite  in  this  theory,  §  301.  If  granitic 
veins  were  found  proceeding  from  real  granitic  strata, 
they  could  not  be  explained  on  the  principles  here  laid 
down,  5  302,  No  such  veins  have  been  disco?ered,  § 
303.  Answer  to  an  objection  made  to  the  igneous  origin 
of  granitic  mountains^  §  SOt,  305.  Of  the  proportion  of 
the  earth's  surface  occupied  by  granite  rocks,  §  306. 
Not  exceeding  a  ninetieth  part,  §  307^  SU.  Extent  of 
granite  in  Scotland  erroneously  estimated  by  Dr  Hutton, 
§  SI  2,  Amounts  perhaps  to  a  twenty-fourth  of  the  whole 
surface,  §   SI 3.     Observations  on  Mr  Kirwan's  opinion, 
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about  the  tkleSt  §  380,  881><— «id  about  tba  fbmialiQii  of 
sand  banks,  §  384. 


Note  xx.«— Inequalities  of  the  Planetary   Mo- 
tions. Page  428 

These  inequalities  all  periodical,  {  385.  Circumstancet  on 
which  this  depends,  §  386.  Affinity  of  this  condusion  to 
that  which  Dr  Hutton  has  established  with  respect  to  the 
changes  at  the  surface  of  the  earth,  §  387- 


Note  xxi. — Changes  in  the  Apparent  Level  of 
the  Sea.  p.  432 

Relative  level  of  the  sea  and  land  subject  to  change^  §  388. 
Proofs  that  it  has  sunk,  on  the  shores  of  this  island^  §  389, 
— «n  the  coasts  of  France  and  Flanders,  §  390,  391>— on 
the  shores  of  the  Baltic,  §  392.  This  has  not  arisen  from 
the  depression  of  the  sea,  but  from  the  elevation  of  the 
land,  $  393f  394.  The  surface  of  the  Hadriatic  higher 
now  than  formerly,  §  395,  396.  Also  of  the  Mediter- 
ranean, §  398.  Irregularities  in  these  changes,  §  399, 
400.  Hypothesis  of  Frisi,  that  towards  the  equator  the 
sea  is  every  where  rismg,  §  401.  Disproved,  t6.  Con- 
clusion, §  402. 


Note  xxii. — Fossil  Bones.  p.  448 

Vegetable  and  animal  remains  contained  in  the  fossil  king- 
dom, §  403.     Of  those  that  arc  enveloped  or  penetrated 
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with  calcareous  earth,  §  405,  406.  Of  the  bones  buried 
in  the  loose  earth,  §  407»  Bones  in  Siberia  referred  to 
the  rhinoceros  aod  the  elephant,  §  4-08.  Those  on  the 
Ohio  doubtful,  §  40S|  409.  OpinioQ  of  Camper,  §  410. 
— of  Cuvler,  §  411,  Objections  to  the  Jatteri  ifi.  Enu- 
nieratioQ  of  hve  species  of  animals  now  extinct,  §  41£« 
Change  id  the  aninxal  and  vegetable  kingdi^m  may  account 
for  bones  found  in  countries  where  no  analogous  species 
now  exists,  §  414*  Proofs  that  the  animals  whose  bones 
are  found  in  Siberia  inhabited  that  country,  §  415—^117. 


Note  xxiiii — Geology  of  Kirwan  and  Deluc. 

Page  466 

These  authors  have  improperly  drawn  religion  into  their 
quarrel  with  Dr  Hutton,  §  419.  Deluc  writes  a  history 
of  whatbefel  the  earth  before  the  creation  of  the  sun,  § 
420*  Remarks  on  Kirwan's  geological  writings,  §  422» 
423,  424,  425. 

Note  xxiv, — System  of  Buflbn.         p.  472 

In  what  Buffon's  theory  of  the  earth  and  Dr  Hut  ton's  agree, 
and  in  what  they  differ,  §  42^' 42?.  Great  merit  of  Buf- 
fon^  notwithstanding  his  errorSj  $  428. 


Note  xxv. — Figure  of  the  Earth.  p.  4^6 


Physical  cause  of  the  earth's  oblate  %urc  not  obvious  from 
its  present  condition,  §  42D«  How  explained  by  the  Kep* 
lUDists,  §  430*    Examination  of  tlicir  solution,  §  431,  432* 
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Contradiction  implied  in  it,  §  i33.  InsufBciencj  of  Buf- 
fon's  explanatton^  §  434.,  Of  the  principle  on  which  the 
oblat^^ness  of  the  earth  may  be  accounted  for  in  Dr  Hut- 
ton's  theory,  §  4S5»  Of  the  changes  that  would  happen 
in  the  Bgure  of  a  terraqueous  body  like  the  earth,  suppos- 
ing it  ever  so  irregular,  §  436,  437,  438»  Two  difTereEli^l 
causes  of  change,  ib*  Uliimate  Bgure^  that  hy  which  the^^ 
causes  of  cimnge  are  beat  resisted,  §  439,  Spheroidal  fi- 
gure^  never  perfectly  acquired,  §  440t  Agreement  of 
this  theory  with  observation,  §  441.  Probable  extension 
of  the  system  of  waste,  and  renovation  to  the  other  pla- 
nets, §  44£,  443.  Confirmation  from  the  system  of  Sa/- 
tum,  $  444,  445- 
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Note  xxvi, — ^Prejudices  relating  to  the  Theory 

the  Earth.  Page  497 

Alleged  by  some  that  a  theory  of  the  earth  ought  not  at  pre- 
sent to  be  attempted,  §  446.  The  quick  succession  of 
geological  theories  has  partly  arisen  from  their  object  be- 
ing misunderstood,  {  447-  A  succession  of  theories  is  of- 
ten a  continued  approximation  to  the  truths  §  443.  The 
more  various  the  phenomena  of  any  class,  the  greater  the 
chance  of  discovering  their  true  cause,  $  449.  Reason  to 
think  that  the  leading  facta  in  geology  are  now  known,  J 
450,  451.  A  tendency  may  be  observed  in  geological 
systems  to  approach  to  one  another^  and  to  the  HuttoniaD, 
§  452,  Example  from  that  of  Saussure,  §  453,^^f  Do- 
lomieu,  §  454,  455.  The  discoveries  of  Dr  Black  were 
necessary  for  understanding  the  true  theory  of  the  earthy 
§  457.     Use  of  theory  in  matters  of  observation,  §  ^5S, 


ADVERTISEMENT. 


&  Treatise  here  offered  to  tlic  Public,  was 
drawn  up  with  a  view  of  explaining  Dr  Hiitton's 
Theory  of  the  Earth  in  a  manner  more  popular 
and  perspicuous  than  is  done  in  his  own  wiitings. 
The  obscurity  of  these  has  been  often  complained 
of  J  and  thence,  no  doubt,  it  has  arisen,  that  so 
little  attention  has  been  paid  to  the  ingenious  and 
original  speculations  which  they  contain . 

The  simplest  way  of  accomplishing  the  object 
proposed,  seemed  to  be,  to  present  a  General  Out- 
line of  the  System,  in  one  continued  Discourse  ; 
and  to  introduce  afterwards,  in  the  form  of  Notes, 
whiit  farther  elucidation  any  particular  subject  was 
thought  to  demand.  Through  the  whole,  1  have 
aimed  at  little  more  than  a  clear  exposition  of 
fiicta»  and  a  plain  deduction  of  the  conclusions 
gmunded  on  them  ;  nor  shall  I  claim  any  merit  to 
myfleir,  if,  in  the  order  which  I  have  found  it  ne- 
oenary  to  adopt,  some  arguments  may  have  taken 
a  new  form,  and  some  additions  may  have  been 
nade  lo  a  system  naturally  rich  in  the  number  and 
fariety  of  its  illustrations* 

VOL*    I.  U 


18  ADVERTISEMENT.. 

Of  the  qualifications  which  this  undertaking  re« 
quires,  there  is  one  that  I  may  safely  suppose  my- 
self to  possess.  Having  been  instructed  by  Dr 
Hutton  himself  in  his  theory  of  the  earth ;  having 
lived  in  intimate  friendship  with  that  excellent 
man  for  several  years,  and  almost  in  the  duly  habit 
of  discussing  the  questions  here  treated  of ;  I  have 
had  the  best  opportunity  of  understanding  his 
views,  and  becoming  acquainted  with  his  peculia- 
rities, whether  of  expression  or  of  thought.  In  the 
other  qualifications  necessary  for  the  illustration  of 
a  system  so  extensive  and  various,  I  am  abundant- 
ly sensible  of  my  deficiency,  and  shall  thereforet 
with  great  deference,  and  considerable  anxiety, 
wait  that  decision  from  which  there  is  no  appeaL 

Edinbuboh  College,  Ut  March  1802. 
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A  VERY  little  attention  to  the  phenomena  of  the 
mineral  kingdom,  is  sufficient  to  convince  us,  that 
the  condition  of  the  earth's  surface  has  not  been 
the  same  at  all  times  that  it  is  at  the  present  mo- 
ment. When  we  observe  the  impressions  of  plants 
in  the  heart  of  the  hardest  rocks  ;  when  we  disco- 
ver trees  converted  into  flint,  and  entire  beds  of 
limestone  or  of  marble  composed  of  shells  and  co- 
■  I'als ;  we  see  the  same  individual  in  two  states,  the 
most  widely  different  from  one  another  ;  and,  m 
the  latter  instance,  have  a  clear  proof,  that  the  pre- 
sent land  was  once  deep  immersed  under  the  wa- 
ters of  the  ocean*  If  to  this  we  add,  that  many 
masses  of  rock,  the  most  solid  and  compact,  con- 
sist of  no  other  materials  but  sand  and  gravel  j 
that,  on  the  other  hand,  loose  gravel,  such  as  is 
formed  only  in  beds  of  rivers,  or  on  the  sea  shore, 


20  ILLUSTRATIONS  OF  THE 

now  abounds  in  places  remote  from  both :  if  we  re- 
flecti  at  the  same  time,  on  the  irregular  and  broken 
figure  of  our  continents,  and  the  identity  of  the 
mineral  strata  on  opposite  sides  of  the  same  valley, 
or  the  same  inlet  of  the  sea  ;  we  shall  see  abundant 
reason  to  conclude,  that  the  earth  has  been  the 
theatre  of  many  great  revolutions,  and  that  no- 
thing on  its  surface  has  been  exempted  from  their 
effects. 

To  trace  the  series  of  these  revolutions,  to  ex- 
plain their  causes,  and  thus  to  connect  together  all 
the  indications  of  change  that  arc  found  in  the  mi- 
neral kingdom,  is  the  proper  object  of  a  Theory 
OF  THE  Earth. 

But,  though  the  attention  of  men  may  be  turn- 
ed to  the  theory  of  the  earth  by  a  very  superficial 
acquaintance  with  the  phenomena  of  geology,  the 
formation  of  such  a  theory  requires  an  accurate 
and  extensive  examination  of  those  phenomenii 
and  is  inconsistent  with  any  but  a  very  advanced 
state  of  the  physical  sciences.  There  is,  perhapgi 
in  those  sciences,  no  research  more  arduous  than 
this ;  none  certainly  where  the  subject  is  so  Com? 
plex  ;  where  the  appearances  are  so  extremely  di* 
versified,  or  so  widely  scattered,  and  where  the 
causes  that  have  operated  are  so  remote  from  the 
sphere  of  ordinary  observation.  Hence  the  attempts 
to  form  a  theory  of  the  earth  are  of  very  modeni 
origin,  and  as,  from  the  simplicity  of  its  sulgeett 
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asti'onomy  is  the  eltlest,  so,  on  account  of  the  com- 
plexness  of  its  subject,  geology  is  the  youngest  of 
the  sciences. 

It  is  foreign  from  the  present  purpose  to  enter 
on  any  history  of  the  systems  that,  since  the  rise 
of  this  branch  of  science,  have  been  invented  to 
explain  the  phenomena  of  the  mineral  kingdom. 
It  is  sufficient  to  remark,  that  these  systems  are 
usually  reduced  to  two  classes,  according  as  they  re- 
fer the  origin  of  terrestrial  bodies  to  fire  or  to  wa- 
ter ;  and  that,  conformably  to  this  division,  their 
followers  have  of  late  been  distinguished  by  the 
fanciful  names  of  Vuicatiists  and  Neptunisis.  To 
the  former  of  these  Dr  Hotton  belongs  much 
more  than  to  the  latter ;  though,  as  he  employs 
the  agency  both  of  fire  and  of  water  in  his  system » 
he  cannot,  in  strict  propriety,  be  arranged  with 
either. 

In  the  succinct  account  which  I  am  now  about 
to  give  of  tills  system,  I  shall  consider  the  mineral 
kingdom  as  divided  into  two  parts,  namely,  strati- 
fied and  unstratified  substances.  I  shall  treat, 
first,  of  the  phenomena  peculiar  to  the  stratified  j 
next»  of  those  peculiar  to  the  unstratified ;  and, 
lastly,  of  the  phenomena  common  to  both*  Be* 
ginning,  then,  with  the  first,  the  subject  naturally 
divides  itself  into  three  branches ;  viz.  the  male^ 
rials^  the  comoUdaUon^  and  the  poution  of  the 
strata. 
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SECTION  I. 

OP  THE  PHENOMENA  PECULIAR  TO  STRATmSD 
BODIES. 

1.  Materials  of  the  Strata. 

1.  It  is  well  known  that,  on  removing  the  looie 
earth  which  forms  the  immediate  surface  of  the 
land,  we  come  to  the  solid  rock,  of  which  a  great 
proportion  is  found  to  be  regularly  disposed  in 
strata,  or  beds  of  determinate  thickness,  inclined  at 
different  angles  to  the  horizon,  but  separated  from 
one  another  by  equidistant  superficies,  that  often 
maintain  their  parallelism  to  a  great  extent.  These 
strata  bear  such  evident  marks  of  being  deposited 
by  water,  that  they  are  universally  acknowledged 
to  have  had  their  origin  at  the  bottom  of  the  sea ; 
and  it  is  also  admitted,  that  the  materials  whidi 
they  consist  of,  were  then  either  soft,  or  in  such  a 
state  of  comminution  and  separation,  as  rendered 
them  capable  of  arrangement  by  the  action  of  the 
water  in  which  they  were  immersed.  Thus  fiur 
most  of  the  theories  of  the  earth  agree  ;  but  from 
this  point  they  begin  to  diverge,  and  each  to  as- 
sume a  character  and  direction  peculiar  to  itadf 
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Dr  Hutton's  does  so,  by  laying  down  this  funda- 
mental proposition,  That  in  all  the  strata  we  dis- 
cover proofs  of  the  materials  having  existed  as  ele- 
ments of  bodies,  which  must  have  been  destroyed 
before  the  formation  of  those  of  which  these  ma- 
terials now  actually  make  a  part^  "• 

2.  The  calcareous  strata  are  the  portion  of  the 
mineral  kingdom  that  gives  the  clearest  testimony 
to  the  truth  of  this  assertion-  They  often  contain 
shells,  corals,  and  other  exuviae  of  marine  animals 
in  so  great  abundance,  that  they  appear  to  be  com- 
posed of  no  other  materials*  Though  these  re- 
mains of  organized  bodies  are  now  converted  into 
stone  or  into  spar,  their  shape  and  interior  struc- 
ture are  often  so  well  preserved,  that  the  species  of 
animal  or  plant  of  which  they  once  made  a  part, 
can  still  be  distinguished  and  pointed  out  among 
the  living  inhabitants  of  the  ocean. 

Others  of  the  calcareous  strata  appear  to  be  com- 
posed of  fragments  of  some  ancient  rocks,  which, 
after  having  been  broken,  have  been  again  united 
into  a  compact  stone.  In  these  we  find  pieces 
clearly  marked  as  having  been  once  continuoua 
but  now  placed  at  a  distance  from  one  another,  and 
exhibiting  exactly  the  same  appearances  as  if  they 
floated  in  a  fluid  of  the  same  specific  gravity  with 
themselves. 
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From  these,  therefore,  and  a  variety  of  similar 
appearances,  Dr  Hutton  concludes,  that  the  ma- 
terials of  all  the  calcareous  strata  have  been  fur- 
nished, either  from  the  dissolution  of  former  strata, 
or  from  the  remains  of  organized  bodies.  But, 
though  this  conclusion  is  meant  to  be  extended  to 
all  the  calcareous  strata,  it  is  not  asserted  that  every 
cubic  inch  of  marble  or  of  limestone  contains  in  it 
the  characters  of  its  former  condition,  and  of  the 
changes  through  which  it  has  passed..  It  may, 
however,  be  safely  affirmed,  that  there  is  scarce  any 
entire  stratum  where  such  characters  are  not  to  be 
found.  These  must  be  held  as  decisive  with  respect 
to  the  whole  system  of  strata  to  which  they  belong; 
they  prove  the  existence  of  calcareous  rocks  before 
the  formation  of  the  present ;  and,  as  the  destruc- 
tion of  those  is  evidently  adequate  to  the  supply  of 
the  materials  of  these  that  we  now  see,  to  look  for 
any  other  supply  were  superfluous,  and  could  only 
embarrass  our  reasonings  by  the  introduction  of 
unnecessary  hypotheses.  * 

S.  The  same  conclusions  result  from  an  exami- 
nation of  the  siliceous  strata  ;  under  which  v^e  may 
comprehend  the  common  sandstone,  and  also  those 
pudding-stones  or  breccias  where  the  gravel  con* 
sists  of  quartz.  In  all  these  instances,  it  is  plain» 
that  the  sand  or  gravel  existed  in  a  state  quite  loose 
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and  uncotinectcd,  at  the  bottom  of  the  sea,  previous 
to  its  cojTsoltdation  into  stone.  But  such  bodies  of 
gravel  or  sand  could  only  be  formed  from  the  at- 
trition of  large  masses  of  quartz,  or  from  the  disso- 
lution of  such  sandstone  strata  as  exist  at  present  i 
for  it  will  hardly  be  alleged,  that  sand  is  a  crygtal- 
lizatton  of  quartz,  foruied  from  that  substance,  when 
it  passes  from  a  fluid  to  a  solid  state. 

Those  pudding-stones  in  which  the  gravel  is 
round  and  polished,  carry  the  conclusion  still  far- 
ther, as  such  gravel  can  only  be  formed  in  the  beds 
of  rivers  or  on  the  shores  of  the  sea ;  for,  in  the 
depths  of  tlie  ocean,  though  currents  are  known  to 
exist,  yet  there  can  be  no  motion  of  the  water  suf- 
ficiently rapid  to  produce  the  attrition  required  to 
give  a  round  figure  and  smooth  surface  to  hard 
and  irregular  pieces  of  stone.  Tliere  must  have 
existed,  therefore,  not  only  a  sea,  but  continents, 
previously  to  the  foraiation  of  the  present  strata. 

The  same  tbiug  is  clearly  shown  by  those  petri- 
factions of  wood,  where,  though  the  vegetable  struc- 
ture is  perfjectly  preserved,  the  whole  mass  is  sili- 
ceous, and  has,  perhaps,  been  found  in  the  heart  of 
some  mountain,  deep  imbedded  in  the  solid  rock, 

4.  Characters  of  the  same  import  are  also  found 
among  the  argillaceous  strata,  though  perhaps  more 
rarely  than  among  the  calcareous  or  siliceous*  Such 
are  the  impressions  of  the  leaves  and  stems  of  ve* 
getables  i  also  the  bodies  of  fish  and  amphibious 
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animals,  found  very  often  in  the  different  kinds  of 
argillaceous  schistus,  and  in  most  instances  havii^ 
the  figure  accurately  preserved,  but  the  substance 
of  the  animal  replaced  by  clay  or  pyrites.  Tliese 
are  all  remains  of  ancient  seas  or  continents ;  the 
latter  of  which  have  long  since  disappeared  from 
the  surface  of  the  earth,  but  have  still  their  me- 
mory  preserved  in  those  archives,  where  nature  has 
recorded  the  revolutions  of  the  globe. 

5.  Among  bituminous  bodies,  pit^coal  is  the 
only  one  which  constitutes  regular  and  extensive 
strata ;  and  no  fossil  has  its  origin  from  the  waste 
of  former  continents,  marked  by  stronger  and  more 
distinct  characters.     Not  to  mention  that  the  coal 
strata  are  alternated  with  those  that  have  been  al- 
ready enumerated,  and  that  they  often  contain 
shells  and  corals,  perfectly  mineralized,  it  is  suffi- 
cient to  remark,  that  there  are  entire  beds  of  this 
fossil,  which  appear  to  consist  wholly  of  wood,  and 
in  which  the  fibrous  structure  is  perfectly  preserv- 
ed.    From  these  instances,  the  appearances  of  ve- 
getable structure  may  be  traced  through  all  possi- 
ble gradations,  down  to  an  evanescent  state.     This 
last  state  is  undoubtedly  the  most  common ;  and 
though  coal  does  not  then,  on  bare  inspection, 
make  known  its  vegetable  origin,  yet,  if  we  take  it 
in  connection  with  the  other  terms  of  the  series,  as 
we  may  call  them  ;  if  we  consider  that  the  two  ex- 
tremes, viz.  coal,  with  the  v^etable  structure  per- 
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feet,  and  coal  without  any  such  structure  visible, 
are  often  found  in  the  same  or  in  contiguous  beds  ; 
and,  if  we  remark,  that  through  all  these  grada- 
tions coal  contains  nearly  the  same  chemical  ele- 
ments, and  yields,  on  analysis,  bitumen  and  char- 
coal, combined  with  a  greater  or  less  proportion  of 
earth  :  if  we  take  all  these  circumstances  into  ac- 
count, we  cannot  doubt  that  this  fossil  is  every 
where  the  same,  and  derives  its  oiigin  from  the 
trees  and  plants  that  grew  on  the  surface  of  the 
earth  before  the  formation  of  the  present  land. 

6.  Dr  Hutton  has  further  observed,  that  if 
those  ancient  continents  ivere  at  all  similar  to  the 
present,  we  can  be  at  no  loss  to  account  for  the  j 
want  of  any  distinct  mark  of  vegetable  organiza- 
tion in  the  greater  part  of  the  coal  strata.  It  is 
plain,  that  the  daily  waste  of  animal  and  vegetable 
substances  on  the  surface  of  the  earth,  must  disen- 
gage a  great  quantity  of  oily  as  well  as  carbonic 
matter,  which,  with  whatever  element  it  is  at  first 
combined,  is  ultimately  delivered  into  the  ocean. 
Thus,  the  oily  or  fuliginous  parts  of  animal  and 
vegetable  substances,  let  loose  by  burning,  fii-st 
ascend  into  the  atmosphere,  but  are  at  length  pre- 
cipitated, and  either  hill  inimcdiately  into  the  sea, 
or  are,  in  part  at  least,  washed  down  into  it  from 
the  land.  From  other  causes  also,  much  vegetable 
matter  is  carried  down  by  the  rivers  j  and  the  whole 
quantity  of  animal  and  vegetable  substances  thus 
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delivered  into  the  sea,  must  be  very  considerable, 
amounting  annually  to  the  whole  residuum  of  thoie 
substances,  not  employed  in  the  maintenance  or  re- 
production of  animal  and  vegetable  bodies.  Whe* 
ther  chemically  united  to  the  waters  of  the  ocean, 
or  simply  suspended  in  them,  this  matter  is  at  last 
precipitated,  and,  mingling  with  earthy  substances, 
is  formed  into  strata,  the  place  of  which  will  be  de- 
termined by  the  currents,  the  position  of  the  pre^ 
sent  continents,  and  many  other  circumstances  not 
easily  enumerated* 

If,  then,  an  order  of  things  similar  to  what  we 
now  see,  existed  before  the  formation  of  the  pre^ 
sent  strata,  it  would  necessarily  happen,  that  the 
animal  and  vegetable  substances,  diffused  throagh 
the  ocean,  being  separated  from  the  water,  would 
be  deposited  at  the  bottom  of  the  sea,  and,  in  the 
course  of  ages,  would  form  beds,  less  or  more  pure, 
according  to  the  quantity  of  earth  and  other  sub- 
stances deposited  at  the  same  time.  These  beds 
being  consolidated  and  mineralized  by  operations 
that  are  afterwards  to  be  considered,  have  been  am- 
verted  into  pit-coal,  the  parts  of  which  are  impal- 
pable, and  retain  nothing  of  their  primitive  struc- 
ture. * 

If,  then,  the  formation  of  coal  from  animal  and 
vegetable  bodies  be  admitted,  the  general  positioin 
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which  derives  the  origin  of  the  strata  from  the 
t¥aste  of  former  land,  as  it  is  applicable  to  all  the 
kinds  already  enumerated,  and  of  course  to  all 
those  with  which  thejrare  alternated,  comprehends 
a  very  large  portion  of  the  earth's  surface-  It 
comprehends,  indeed,  all  the  strata  nsuidly  distin- 
guished by  the  name  of  Secondary  ;  but  there  is 
another  great  division  of  the  mineral  kingdom,  viz* 
the  rocks,  called  Prhniihe^  which,  as  they  are  ne- 
ver alteroated  with  the  secondary,  but  are  always 
inferior  to  them,  must  be  further  examined,  before 
we  can  decide  whether  the  same  conclusion  extends 
to  them  or  not. 

7.  Here  it  must  be  carefully  observed,  that, 
among  the  primary  rocks,  the  granite  is  not  meant 
to  be  included,  except  where  that  stone  is  stratified, 
and  either  coincides  with  veined  granite  or  with 
gneiss.  The  primitive  strata,  iu  Dr  Hntton's 
theory,  comprehend,  besides  gneiss,  the  micaceous, 
chlorite,  hornblende,  and  sdtceous  schistus,  together 
with  slate,  and  some  other  kinds  of  argil  lite  ;  to 
which  we  must  add,  serpentine,  micaceous  lime- 
stone, and  the  gi'eater  part  of  mai  bles.  These  arc 
mostly  distinguished  by  their  laminated  structure, 
by  having  their  planes  much  elevated  with  respect 
to  the  horizon,  and  by  belonging  more  to  the  moun- 
tainous than  the  level  parts  of  the  eaith^s  surface* 
They  rarely  contain  vestiges  of  organized  bodies ; 
so  rarely,  indeed,  that  they  were  called  primitive 
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by  the  geologists  who  first  distinguished  them  fiom 
other  rocks,  on  the  supposition  of  their  being  part 
of  the  primeval  nucleus  of  the  globe,  which  had 
never  undergone  any  change  whatsoever ;  but  this, 
I  believe,  has  now  almost  ceased  to  be  the  (^pinion 
of  any  geologist.  *  The  Neptunists  hold  the  rocka^ 
here  ^lumerated,  and  also  granite,  to  be  produced 
I^  aqueous  deposition ;  but  maintain  them  to  be  in 
the  strictest  sense  primeval,  and  of  a  formation  an- 
tecedent to  all  organized  bodies. 

8.  In  opposition  to  this,  Dr  Hutton  maintainedy 
that  the  primary  schistus,  like  all  the  other  strata, 
was  formed  of  materials  deposited  at  the  bottom  of 
the  sea,  and  collected  from  the  waste  of  rocks  still 
more  ancient.  When,  therefore,  he  conformed  to 
the  received  language  of  mineralogists,  by  calling 
these  strata  primitive,  he  only  meant  to  describe 
them  as  more  ancient  than  any  other  strata  now  exist- 
ing, but  not  as  more  ancient  than  any  that  ever  had 
existed.  They  are  distinguished,  in  his  system,  by 
the  namp  of  Primary^  rather  than  of  Primitive 
strata. 

That  the  account  now  given  of  their  origin  is 
well  founded,  may  be  proved  by  unquestionable 
facts.  For,  first,  though,  agreeably  to  the  obser- 
vation just  made,  the  ancient  strata  do  but  rarely 
contain  any  remains  of  organized  bodies,  they  are 
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not  entirely  destitute  of  them.  Different  places  in 
this  island  have  been  pointed  out  by  Dr  liutton, 
where  marine  objects  have  been  discovered  in  pri- 
mary limestone,  either  by  himself  or  others,  and  it 
would  not  be  difficult  to  add  more  instances  of  the 
same  kind,  *  In  Dauphin*?,  coal,  which  is  certain- 
ly a  derivative  substance,  has  been  found  among 
mountains  which  have  a  title  to  the  character  of 
primitive,  such  as  no  one  will  dispute*  These  facts 
put  the  composition  of  such  rocks  from  loose  mate- 
rials, beyond  all  doubt,  and  also  prove  their  forma- 
tion to  be  posterior  to  the  existence  of  an  animal 
and  vegetable  system.  They  do  indeed  prove  this 
in  the  strictest  sense,  only  of  the  particular  beds  in 
which  they  are  found  j  but  as  these  beds  are  in  all 
other  respects  as  much  to  be  accounted  primary  ag 
any  part  of  the  mineral  kingdom,  it  is  evident  that 
the  negative  instances  are  here  of  no  force,  and  that 
nothing  can  be  gained  to  the  adversaries  of  this 
opinion  by  denying  it  in  general,  if  they  are  oblig- 
ed to  admit  it  in  a  single  case, 

9,  Again*  it  is  certain,  as  Dr  Hutton  remarks, 
that  there  are  few  considerable  Ixxlies  of  schistus, 
even  the  most  decidedly  primitive,  where  sand  and 
gravel  may  not  in  some  parts  be  observed.  Indeed, 
it  is  not  only  true  that  they  are  to  be  found  in 
some  parts  of  them  ;  but,  in  fact,  among  many  of 
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the  primitive  mountains,  we  find  large  tracts,  com- 
posed entirely  of  a  schistose  and  much  indanited 
sandstone,  in  beds  highly  inclined,  sometimes 
alone,  sometimes  alternated  with  other  schistL  In 
many  of  them,  the  sand  of  which  they  consist  ap- 
pears to  be  entirely  of  granite,  from  the  detritas  of 
which  rock  it  should  seem  that  they  were  chiefly 
formed. 

10.  Thus  we  conclude,  that  the  strata  both  [«• 
mary  and  secondary,  both  those  of  ancient  and 
those  of  more  recent  origin,  have  had  their  materi- 
als furnished  from  the  ruins  of  former  continents, 
from  the  dissolution  of  rocks,  or  the  destruction  of 
animal  or  vegetable  bodies,  similar,  at  least  in  some 
respects,  to  those  that  now  occupy  the  surface  of 
the  earth.  This  conclusion  is  not  indeed  proved  of 
every  individual  portion  of  rock,  but  it  is  demon- 
strated of  many  and  large  parts,  and  those  scattered 
indifferently  through  all  the  varieties  of  the  strata; 
and  therefore,  from  the  rules  of  the  strictest  rea- 
soning, we  must  infer,  that  the  whole  is  derived 
from  the  same  origin.  * 

Thus  far  concerning  the  materials  of  the  strata ; 
and,  as  these  were  originally  loose  and  unconnect- 
ed, we  must  next  consider  by  what  means  they 
were  consolidated  into  stone. 
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2,  Consolidation  qf^ilw  Strata. 

IL  Thoogh  Dr  Hutton  has  no  where  defined 
the  meaning  of  the  term  consolidation,  he  has  been 
scrupulously  exact  iti  using  it  constantly  in  the 
Stirae  sense.  He  understands  by  it,  not  merely 
that  quality  in  a  bard  body,  by  which  its  parts  co- 
here together,  but  also  that  by  which  it  fills  up  the 
space  comprehended  within  its  surface,  being  to 
sense  without  porosity,  and  impervious  to  air  and 
moisture. 

Now,  a  porous  mass  of  unconnected  materials, 
such  as  the  strata  appear  originally  to  have  be^n, 
can  acquire  hardness  and  solidity  only  in  two  ways, 
that  is,  either  when  it  is  first  reduced  by  heat  into 
a  state  of  fusion,  or  at  least  of  softness,  and  after- 
wards pennitted  to  cool  j  or  when  matter  that  is 
dissolved  in  some  Quid  menstruum,  is  introduced 
along  with  that  menstruum  into  the  porous  mass, 
and,  being  deposited^  forms  a  cement  by  which  the 
whole  is  rendered  firm  and  compact.  Fire  and 
water,  therefore,  are  the  only  two  physical  agents 
to  which  we  can  ascribe  the  consolidation  of  the 
strata  j  and,  in  order  to  determine  to  which  of 
them  that  effect  is  to  be  attributed,  we  must  inquire 
whether  there  are  any  certain  characters  that  dis- 
tinguish the  action  of  the  one  from  that  of  the 
other,  and  which  may  be  compared  with  the  phe- 
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nomena  actually  observed    among  mineral    sub- 
stances. 

12.  First,  then,  it  is  evident,  that  the  consolida* 
tion  produced  by  the  action  of  water,  or  of  any 
otber  fluid  raenstruum,  in  the  manner  just  referred 
to,  most  necessarily  be  imperfect,  and  can  never 
entirely  banish  the  porosity  of  the  mass.  For  the 
bulk  of  the  solvent,  and  of  the  matter  it  contained 
in  solution,  being  greater  than  the  bulk  of  either 
taken  singly,  when  the  latter  was  deposited,  the 
former  would  have  sufficient  room  left,  and  would 
continue  to  occupy  a  certain  space  in  the  interior 
of  the  strata.  A  liquid  solvent,  therefore,  could 
never  shut  up  the  pores  of  a  body  to  the  entire  ex- 
clusion of  itself ;  and,  had  mineral  substances  been 
consolidated,  as  here  supposed,  the  solvent  ought 
either  to  remain  within  them  in  a  liquid  state,  or, 
if  evaporated,  should  have  left  the  pores  empty, 
and  the  body  pervious  to  water.  Neither  of  tbeae^ 
however,  is  the  fact  ;  many  stratified  bodies  are 
perfectly  impervious  to  water,  and  few  mineral 
lubstances  contain  w^ater  in  a  liquid  state.  That 
they  sometimes  contain  it,  chemically  united  to 
them,  is  no  proof  of  their  solidity  having  been 
brought  about  by  that  fluid ;  for  such  chemicai 
union  is  as  consistent  with  the  sup|)osition  of  igne- 
ous as  of  aqueous  consolidation,  since  the  region  in 
which  the  fire  was  applied,  on  every  hypotfaesi^i 
musit  have  abounded  with  humidity. 
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13<  Again,  if  water  was  the  solvent  by  which 
the  consolidating  matter  was  introduced  into  the 
interstices  of  the  strata,  that  matter  could  consist 
only  of  such  substances  as  are  soluble  in  water, 
whereas  it  consists  of  a  vast  variety  of  substances, 
altogether  insoluble  either  in  it,  or  in  any  single 
menstruum  whatsoever.  The  strata  are  consolidate 
ed,  for  example,  by  quartz,  by  fluor,  by  feldspar, 
and  by  all  the  metals,  in  their  endless  combinations 
with  sulphureous  bodies.  To  aflBrm  that  water  w^as 
ever  capable  of  dissolving  these  substances,  is  to 
ascribe  to  it  powers  which  it  confessedly  has  not  at 
present ;  and,  tliereforc,  it  is  to  introduce  an  hypo- 
thesis, not  merely  gratuitous,  but  one  which,  physi- 
cally  speaking,  is  absurd  and  impossible. 

This  is  not  all,  however  ;  for,  even  if  this  diffi- 
culty were  to  be  passed  over,  it  would  still  be  re- 
quiied  to  explain,  how  the  water,  which,  together 
with  the  matter  which  it  held  in  solution,  had  in- 
sinuated itself  into  the  pores  of  the  strata,  became 
suddenly  disposed  to  deposit  that  matter,  and  to 
allow  it,  by  crystallization  or  concretion,  to  assume 
a  solid  form*  *  The  Neptunists  must  either  assign 
a  sufficient  reason  for  this  great  and  universal 
change,  or  must  expect  to  see  their  system  treated 
as  an  inartificial  accumulation  of  hypotheses  which 
assigns  opposite  virtues  to  the  same  subject,  and  is 
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alike  at  variance  with  nature  and  with  itself;  in  a 
word,  a  system  that  might  pass  for  the  invention  of 
an  age,  when  as  yet  sound  philosophy  had  not 
alighted  on  the  eaith,  nor  taught  man  that  he  is 
but  the  minister  and  interpreter  of  nature,  andean 
neither  extend  his  power  nor  his  knowledge  a 
hair*s-breadth  beyond  his  experience  and  observa- 
tion of  the  present  order  of  things.  * 

14,  Such  are  the  more  obvious,  but  I  think  un- 
answerable objections,  that  may  be  urged  against 
the  aqueous  consolidation  of  the  strata*  It  is  true, 
tliat  stony  concretions,  some  of  them  much  indu- 
rated, are  formed  in  the  humid  way  under  our 
eyes.  Very  particular  conditions,  however,  are  re- 
quired for  that  purpose,  and  conditions  such  as  can 
hardly  have  existed  at  the  bottom  of  the  sea. 
First,  The  water  must  dissolve  the  substance  of 
which  the  concretion  is  to  be  formed,  as  it  actually 
does  in  the  case  of  calcareous,  and  in  certain  cir- 
cumstances, in  that  of  siliceous,  eaith.  Secondly, 
It  must  be  separated  from  that  substance,  as  by 
evaporation,  or  by  a  combination  of  the  matter  dis- 
solved with  some  third  substance,  to  which  it  has  a 
greater  affinity  than  to  water,  so  as  to  form  with  it 


•  Homo  naturie  minister,  et  interpres  taiit^m  facit  et  iu- 
telli^^it,  f|iiantiim  dc  naturae  ordme  re,  vel  mente,  ob®er\'a- 
verit  I  nee  amplius  scitj  aut  potest. 
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an  insoluble  compound.  Lastly,  The  water  that  is 
deprived  of  its  solution  must  be  carried  off,  and 
more  of  that  which  contains  the  solution  must  be 
supplied,  as  sometimes  happens  where  water  ntns 
in  a  stream,  or  drops  from  the  roof  of  a  cavern. 
The  two  last  conditions  are  peculiarly  inapplicable 
to  the  bottom  of  the  sea,  where  the  state  of  the 
surrounding  fluid  woukl  neither  permit  the  water 
that  was  deprived  of  its  solution  from  being  drawn 
off,  nor  that  which  contained  the  solution  from 
succeeding  it.  •• 

It  is  fuither  to  be  observed,  that  the  consolida- 
tion of  stalactitical  concretions,  that  is,  the  filling 
up  of  their  pores,  is  always  imperfect,  and  is  brought 
about  by  the  repeated  action  of  the  fluid  running 
through  the  porous  mass,  and  continuiug  to  depo- 
sit there  some  of  the  matter  it  holds  in  solution. 
This,  which  is  properly  infiltration,  is  incompa- 
tible with  the  nature  of  a  fluid,  either  nearly,  or 
altogether  quiescent. 

15.  In  order  to  judge  whether  objections  of 
equal  weight  can  be  opposed  to  the  hypothesis  of 
igneous  consolidation,  we  must  attend  to  a  very 
important  remark,  first  made  by  Dr  Hutton,  and 
applied  with  wonderful  success  to  explain  the  most 
mysterious  phenomena  of  the  mineral  kingdom. 

It  is  certain,  that  the  effects  of  fire  on  bodies  va- 
ry with  the  circumstances  under  which  it  is  applied 
to  them,  and,  therefore,  a  considerable  allowance 
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must  be  made,  if  we  would  compare  the  operation 
of  that  element  when  it  consolidated  the  strata, 
with  the  results  of  our  daily  experience.  The  ma- 
terials of  the  strata  were  disposed,  as  we  have  al« 
ready  seen,  loose  and  unconnected,  at  the  bottom 
of  the  sea ;  that  is,  even  on  the  most  moderate 
estimation,  at  the  depth  of  several  miles  under  its 
surface.  At  this  depth,  and  under  the  pressure  of 
a  column  of  water  of  so  great  a  height,  the  action 
of  heat  would  differ  much  from  that  which  we  ob* 
serve  here  upon  the  surface ;  and,  though  our  ex* 
perience  does  not  enable  us  to  compute  with  accu- 
racy the  amount  of  this  difference,  it  nevertheless 
points  out  the  direction  in  which  it  must  lie,  and 
even  marks  certain  limits  to  which  it  would  proba- 
bly extend, 

Tlie  tendency  of  an  increased  pressure  on  the 
bodies  to  which  heat  is  applied,  is  to  restrain  the 
volatility  of  those  parts  which  otherwise  would 
make  their  escape,  and  to  force  them  to  endure  a 
more  intense  action  of  heat.  At  a  certain  depth 
\inder  the  surface  of  the  sea,  the  power  even  of  a 
fery  intense  heat  might  therefore  be  unable  to 
drive  off  the  oily  or  bituminous  parts  from  the  in- 
flammable matter  there  deposited,  so  that,  when 
the  heat  was  withdrawn,  these  principles  might  be 
found  still  united  to  the  earthy  and  carbonic  parts, 
forming  a  substance  very  unlike  the  residuum  ob- 
tained after  combustion  under  a  pressure  no  greater 
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than  the  weight  of  the  atmo^here.  It  is  m  like 
manner  reasonable  to  believe,  that,  on  the  appliciu 
tion  of  heat  to  calcaieous  bodies  under  great  com- 
pression, the  carbonic  gas  would  be  forced  to  re- 
main  j  the  generation  of  quicklime  would  be  pre* 
vented,  and  the  whole  might  be  softened,  or  even 
completely  melted  ;  which  last  effect,  though  not 
directly  deducible  from  any  experiment  yet  made, 
19  rendered  very  probable,  from  the  analogy  of  cer- 
tain chemical  phenomena. 

16,  An  analogy  of  this  kind,  derived  from  a  pro^ 
perty  of  the  barytic  earth,  was  suggested  by  that 
excellent  chemist  and  philosopher,  the   late  Dr 
Black*     The  barytic  earth,  as  is  well  known,  has  a 
stronger  attraction  for  fixed  air  than  common  cal- 
careous earth  has,  so  that  the  carbonate  of  barytes 
is  able  to  endure  a  great  degree  of  heat  before  its 
fixed  air  is  expelled.    Accordingly,  when  expos- 
ed to  an  increasing  heat,  at  a  certain  temperature, 
it  is  brought  into  fusion,  the  fixed  air  still  remain- 
ing united  to  it :  if  the  heat  be  further  increased, 
the  air  is  driven  off,  the  earth  loses  its  fluidity,  and 
appears  in  a  caustic  state.     Here,  it  is  plain,  that 
the  barytic  earth,  which  is  infusible,  or  veiy  refrac- 
tory, per  se^  as  well  as  the  calcareous,  owes  its  fu- 
sibility to  the  presence  of  the  fixed  air ;  and  it  ii 
therefore  probable,  that  the  same  thing  would  hap- 
pen to  the  calcareous  earth,  if  by  any  means  the 
fixed  air  were  prevented  from  escaping  when  great 
heat  is  applied  to  it*     This  escape  of  the  fixed  air 
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is  exactly  what  the  compression  in  the  subtcrraneooi 
regions  is  calculated  to  prevent,  and  therefore  we 
are  not  to  wonder  if,  among  the  calcareous  strata, 
we  find  marks  of  actual  fusion  having  taken  place.* 
17-  These  effects  of  pressure  to  resist  the  de- 
composition, and  augment  the  fusibility  of  bodieSp 
being  once  supposed,  we  shall  find  little  difficulty 
in  conceiving  the  consolidation  of  the  strata  by 
heat,  since  the  intervals  between  the  loose  materials 
of  which  they  originally  consisted  may  have  been 
closed,  either  by  the  softening  of  those  materialSf 
or  by  the  introduction  of  foreign  matter  among; 
them,  in  the  state  of  a  fluid,  or  of  an  elastic  vapour. 
No  objection  to  this  hypothesis  can  arise  from  tlie 
considerations  stated  in  the  preceding  case ;  the 
solvent  here  employed  would   want  no  pores  to 
lodge  in  after  its  work  was  completed,  nor  would 
it  find  any  difficulty  in  making  its  retreat  through 
the  densest  and  most  solid  substances  in  the  mine- 
ral kingdom*  Neither  can  its  incapacity  to  dissolve 
the  bodies  submitted  to  its  action  be  alleged*  Heat 
is  the  most  powerful  and  most  general  of  all  soU 
vents  ;  and,  though  some  bodies,  such  as  the  cal- 
careous, are  able  to  resist  its  force  on  the  surface 
of  the  earth,  yet,  as  has  just  been  shown,  it  is  per- 
fectly agreeable  to  analogy  to  suppose^  that,  under 
great  pressure,  the  carbonic  state  of  the  lime  being 
preserved,  the  purest  limestone  or  marble  might  be 
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softened,  or  even  melted*  With  respect  to  othei* 
substances,  less  doubt  of  tlieir  fusibility  is  enter- 
tained ;  and  tbough,  in  our  experiments,  the  re- 
fractory nature  of  siliceous  earth  has  not  been  com- 
pletely subdued,  a  degree  of  softness  and  an  inci- 
pient fusion  have  nevertheless  been  induced. 

Thus  it  appears,  in  general,  that  the  same  diffi- 
culties do  not  press  against  the  two  theories  of 
aqueous  and  of  igneous  consolidation  j  and,  that 
the  latter  employs  an  agent  incomparably  more 
powerful  than  the  former,  of  more  general  activity, 
and,  what  is  of  infinite  importance  in  a  philosophi- 
cal theory,  vastly  more  definite  in  the  laws  of  its 
operation, 

18,  A  more  particular  examination  of  the  dif- 
ferent kinds  of  fossils  will  confirm  this  conclusion, 
and  will  show,  that,  wherever  they  bear  marks  of 
having  been  tiuid,  these  marks  are  such  as  charac- 
terize the  fluidity  of  fusion,  and  distinguish  it  from 
that  which  is  produced  by  solution  in  a  menstruum. 
Dr  Hutton  has  enumerated  many  of  these  discover- 
ed in  the  course  of  that  careful  and  accurate  exa- 
mination of  fossils,  in  which  he  probably  never  was 
excelled  by  any  mineralogist.  It  will  be  sufficient 
here  to  point  out  a  few  of  the  most  remarkable  ex- 
amples. 

19<  Fossil  wood,  penetrated  by  siliceous  matter, 
is  a  substance  well  known  to  mineralogists ;  it  is 
found  in  great  abundance  in  various  situations,  and 
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frequently  in  the  heart  of  great  bodies  of  rock*  On 
exAmmation,  the  siliceous  matter  is  often  obserred 
to  have  penetrated  the  wood  very  unequally,  so 
that  the  vegetable  structure  remains  in  some  places 
entire  ;  and  in  other  places  is  lost  in  a  homogene- 
ous mass  of  agate  or  jasper.  Where  this  happens, 
it  may  be  remarked,  that  the  line  which  separates 
these  two  paits  is  quite  sharp  and  distinct,  altoge^^ 
ther  different  from  what  must  have  taken  place, 
had  the  flinty  matter  been  introduced  into  the  bo- 
dy of  the  wood,  by  any  fluid  in  which  it  was  dis- 
solved, as  it  would  then  have  pervaded  the  whole, 
if  not  uniformly,  yet  with  a  regular  gradation.  In 
those  specimens  of  fossil  wood  that  are  partly  pene- 
ti-ated  by  agate,  and  pirtly  not  penetrated  at  all, 
the  same  sharpness  of  termination  may  be  remark- 
ed, and  is  an  appearance  highly  characteristic  of 
the  fluidity  produced  by  fusion. 

20*  The  round  nodules  of  flint  that  are  foand 
in  chalk,  quite  insulated  and  separate  from  one 
another,  afford  an  argument  of  the  same  kind ; 
since  the  flinty  matter,  if  it  had  been  carried  into 
the  chalk  by  any  solvent,  must  have  been  deposited 
with  a  certain  degree  of  uniformity,  and  would  not 
now  appear  collected  into  separate  masses,  without 
any  trace  of  its  existence  in  the  intermediate  ports* 
On  the  other  baud,  if  we  conceive  the  melted  flint 
to  have  been  forcibly  injected  among  the  chalk, 
and  to  have  penetrated  it,  somewhat  as  mercury 
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may,  by  pressure,  be  made  to  penetrate  tbrough 
the  pores  of  wood,  it  might,  on  cooling,  exhibit 
the  same  appearances  that  the  chalk-beds  of  Eng- 
land do  actually  present  us  with* 

The  siliceous  pudding-stone  is  an  instance  close- 
ly connected  with  the  two  last ;  in  it  we  find  both 
the  pebbles,  and  the  cement  which  unites  them, 
consisting  of  flint  equally  hard  and  consolidated  j 
and  this  circumstance,  for  which  it  is  impossible  to 
account  by  infiltration,  or  the  insinuation  of  an 
aqueous  solvent,  is  perfectly  consistent  with  the 
supposition,  that  a  stream  of  melted  flint  has  been 
forcibly  injected  among  a  mass  of  loose  gravel. 

21.  The  common  grit,  or  sandstone,  though  it 
certainly  gives  no  indication  of  having  possessed 
fluidity,  is  strongly  expressive  of  the  effects  of  heat. 
It  is  so,  especially  in  those  instances  where  the 
particles  of  quartzy  sand,  of  which  it  is  composed, 
are  firmly  and  closely  united,  without  the  help  of 
any  cementing  substance  whatsoever.  This  ap- 
pearance, which  is  very  common,  seems  to  be  quite 
inconsistent  with  every  idea  of  consolidation,  ex- 
cept an  incipient  fusion,  which,  with  the  assistance 
of  a  suitable  compression,  has  enabled  the  particles 
of  quarts  to  unite  into  stone.  tl 

-«'It  has  indeed  been  asserted,  that  the  mere  appo- 
sition of  stony  particles,  so  as  to  permit  their  cor- 
puscular attraction  to  take  place,  was  sufficient  to 
6»rm  them  into  stone*     To  this  Dr  Hutton  has 
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very  well  replied,  that,  admitting  the  possibility  of 
a  hard  and  firm  body  being  produced  in  this  way, 
of  which,  however,  we  have  no  proof,  the  close  and 
compact  texture,  the  perfect  cousolidatioti  of  the 
stones  we  are  now  speaking  of,  would  still  remain 
to  be  explained,  and  of  this  it  is  evident  that  the 
mere  apposition  of  particles,  and  the  force  of  their 
mutual  attraction,  can  afford  no  solution. 

22,  These  proofs  that  the  strata  must  have  en- 
dured the  action  of  intense  heat,  though  imme* 
diately  deduced  from  those  of  the  siliceous  genus 
only,  extend  in  reality  to  all  the  strata,  of  every 
kind,  with  which  they  are  found  alternated.  It  is 
impossible  that  heat,  of  the  intensity  here  suppos- 
ed, can  have  acted  on  a  particular  stratum^  and 
not  on  those  that  are  contiguous  to  it ;  and,  as 
there  are  no  strata  of  any  kind  with  which  the 
quartzy  and  siliceous  are  not  intermixed,  so  there 
are  none  of  which  the  igneous  consolidation  is  not 
thus  rendered  probable-  We  need  rest  nothing, 
however,  on  this  argument,  as  the  fossils  of  every 
genus  may  be  shown  to  speak  distinctly  for  them- 
selves, 

23.  Those  of  the  calcareous  genus  do  so  per- 
haps more  sparingly  than  the  rest ;  yet  even 
among  them  there  are  many  facts,  that,  though  ta- 
ken unconnected  with  all  others,  are  sufficient  to 
establish  the  action  of  subterraneous  fire.  Such, 
for  example,  are  the  calcareous  breccias,  composed 
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of  fragments  of  marble  or  limestone,  and  not  only 
Eilapted  to  each  other's  shape,  but  indented  into 
one  another,  in  a  manner  not  a  little  resembling 
the  sutures  of  the  human  cranium.  From  such 
instances,  it  is  impossible  not  to  infer  the  softness 
of  the  calcareous  fragments  when  they  were  conso- 
lidated into  one  mass.  Now,  this  softness  could 
be  induced  only  by  heat ;  for  it  must  be  acknow- 
ledged, that  the  action  of  any  other  solvent  is 
quite  inadequate  to  the  softening  of  large  frag- 
ments of  stone,  without  dissolving  them  altogether. 

24.  In  many  other  instances  it  appears  certain, 
that  the  stones  of  the  calcareous  genus  have  been 
reduced  by  heat  into  a  state  of  fluidity  much  more 
perfect.  Thus,  the  saline  or  finer  kinds  of  mar- 
ble, and  many  others  that  have  a  structure  highly 
crystallized,  must  have  been  softened  to  a  degree 
little  short  of  fusion,  before  this  crystallization 
could  take  place.  Even  the  petrifactions  which 
abound  so  much  in  limestones  tend  to  establish  the 
same  fact ;  for  they  possess  a  sparry  structure,  and 
must  have  acquired  that  structure  in  their  tramsi- 
tion  from  a  fluid  to  a  solid  state.  * 

25,  In  accounting,  by  the  operation  of  heat,  for 
these  appearances  of  fluidity,  Dr  Hutton  \\m  pro- 
ceeded on  the  principle  already  laid  down,  as  con- 
fonnable  to  analogy,  that  calcareous  earth,  under 
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great  compression,  may  have  its  fixed  air  retained 
in  it,  notwithstanding  the  action  of  intense  heat, 
and  may,  by  that  means,  be  reduced  into  fusion, 
w  into  a  state  approaching  to  it*  In  dl  this  I  do 
not  think  that  he  has  departed  from  the  strictest 
rules  of  philotfophical  investigation.  The  &ct&  just 
stated  prove,  that  limestone  was  once  soft,  its  frag- 
ments retaining  at  the  same  time  their  peculiar 
form,  an  effect  to  which  we  know  of  none  similar 
but  those  of  fire  ;  and,  therefore,  though  we  could 
not  conjecture  how  heat  might  be  applied  to  lime- 
stone so  as  to  melt  it,  insteiad  of  reducing  it  to  a 
calx,  we  should,  nevertheless,  have  been  forced  to 
suppose,  that  this  had  actually  taken  place  in  the 
bowels  of  the  earth  ;  and  wa&  a  £u:t  which,  though 
we  were  not  able  to  explain  it,  we  were  not  entitled 
to  deny.  The  principle  just  mentioned  relieves  us 
therefore  fipom  a  difficulty,  that  would  have  embar- 
rassed, but  could  not  have  overturned,  this  theory 
of  the  earth* 

S6.  From  the  arguments  which  the  aigiilaceous 
strata  afibrd  for  the  igneous  consolidation  of  fossils, 
I  shall  select  one  on  which  Dr  Huttcm  used  to  lay 
considerable  stress,  and  which  some  of  the  adver- 
saries of  his  system  have  aideavoured  to  refute. 
This  argument  is  founded  on  the  structure  of  cer* 
tain  ironstones  called  septaria^  ofben  met  with 
among  the  argillaceous  schistus,  particularly  in  the 
vicinity  of  coal.     These  stones  are  usually  of  s 
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lenticular  or  spheroidal  form,  and  are  divided  in 
their  interior  into  distinct  sepia^  by  veins  of  calca- 
reous spar,  of  which  one  set  are  circular  and  con- 
centric, the  other  rectilineal  ;  diverging  from  the 
centre  of  the  former^  and  diminishing  in  size  as 
lliev  recede  from  it.  Now,  what  is  chiefly  to  be 
remarked  is,  that  these  veins  terminate  before  they 
reach  the  surface  of  tlje  stone  ;  so  that  the  matter 
frith  which  they  are  filled  cannot  have  been  in- 
troduced from  without  by  infiltration,  or  in  any 
other  way  whatsoever.  The  only  other  supposi- 
tioD^  therefore,  that  is  left  for  explaining  the  sin- 
gular structure  of  this  fossil,  is,  that  the  whole  mass 
WBS  originally  fluid,  and  that,  in  cooling,  the  cal- 
careous part  separated  from  the  rest,  and  after- 
wards crystallised. 

27'  It  has  been  ui'ged  against  this  theory  of  the 
septaria,  that  these  stones  arc  sometimes  found 
with  the  calcareous  veins  extending  all  the  way  to 
the  circumference,  and  of  course  communicating 
with  the  outside*  But  it  must  be  observed,  that 
thb  lact  does  not  affect  the  argument  drawn  from 
gpeetmens  in  which  no  such  communication  takes 
plaee.  It  is  at  best  only  an  ambiguous  instance, 
that  may  be  explained  by  two  opposite  theo- 
ries, and  may  be  reconciled  either  to  the  notion 
of  igneous  or  of  aqueous  consolidation  :  but  if 
there  is  a  single  close  scptarium  in  nature,  it  can, 
Qf  course,  be  explained  only  by  one  of  these  theo- 
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lies,  and  the  other  must,  of  necessity,  be  rejected. 
Besides,  it  is  plain,  that  a  close  septarium  can  ne- 
ver have  been  open,  though  ao  open  septarium  may 
very  well  have  been  close  ;  and  indeed,  as  this 
stone  is,  in  certain  circumstances,  subject  to  per- 
petual exfoliation,  it  would  be  wonderful  if  no  one 
was  ever  found  with  the  calcareous  veins  reaching 
to  the  surface.  With  regard  to  the  light,  there- 
fore, that  they  give  into  their  own  history,  these 
two  kinds  of  septaria  are  by  no  means  on  an  equal 
footing  J  and  this  may  seiTe  to  show,  how  neces- 
sary it  is,  in  all  inductive  reasoning,  and  particu- 
larly in  a  subject  so  complex  as  geology,  to  sepa- 
rate with  care  such  plienomena  as  admit  of  two  so- 
lutions, from  such  as  admit  only  of  one. 

28,  The  bituminous  strata  come  next  to  be  con- 
sidered ;  and  they  are  of  great  consequence  in  the 
present  argument,  because  their  dissimilarity  in  so 
many  particulars  to  all  other  mineral  substances, 
renders  them  what  Lord  Bacon  calls  an  instantia 
singular  is  ^  having  the  first  rank  among  facts  sub- 
servient to  inductive  investigation.  But  though 
unlike  in  substance  to  other  fossils,  and  composed, 
as  has  been  shown,  of  materials  that  belonged  not 
originally  to  the  mineral  kingdom,  they  agree  in 
many  material  circumstances  with  the  strata  al- 
ready enumerated.  Their  beds  are  disposed  in  the 
same  manner,  and  are  alternated  indiscrimiuately 
with  those  of  all  the  secondai-y  rocks,  and,  being 
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formed  in  the  same  regiODj  must  have  been  subject 
to  the  same  accidents^  and  bave  endured  the  opera- 
tion of  the  same  causes.  They  are  traversed  too 
like  the  other  strata,  by  veins  of  the  metals,  of 
spars,  of  basaltes,  and  of  other  substances  ;  and, 
whatever  argument  may  hereafter  be  derived  from 
this  to  prove  the  action  of  tire  on  the  strata  so  tra- 
versed, is  as  much  applicable  to  coal  as  to  any  other 
mineral.  The  coal  strata  also  contain  pyrites  in 
great  abundance,  a  substance  that  is  perhaps, 
more  than  any  other,  the  decided  progeny  of  fire. 
This  compound  of  metal  and  sulphur,  which  is 
found  in  mineral  bodies  of  every  kind,  I  believe, 
without  any  exception,  is  destroyed  by  the  contact 
of  moisture,  and  resolved  into  a  vitriolic  salt.  At 
the  same  time  it  is  found  in  the  strata,  not  travers- 
ing  them  in  veins,  which  may  be  supposed  of  more 
recent  formation  than  the  strata  themselves  ;  but 
existing  in  the  heart  of  the  most  solid  rocks,  often 
nicely  crystallized,  and  completely  inclosed,  on  all 
sides,  without  the  most  minute  vacuity.  The  py* 
rites  must  have  been  present,  therefore,  when  the 
strata  were  consolidated,  and  it  is  inconceivable,  if 
their  consolidation  was  brought  about  in  the  wet 
way,  that  a  substance  should  be  so  generally  found 
in  them,  the  very  existence  of  which  is  incompati- 
ble with  humidity.  This  argument  for  the  igneous 
origin  of  the  strata  i^  applicable  to  tlieui  all,  but 
VOL-  u  D 
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especially  to  those  of  coal,  as  abottiiding  with  py- 
rites more  than  any  other. 

29*  The  difficulty  that  here  naturally  praaents 
itself,  viz.  how  vegetable  matter,  such  as  coal  is 
supposed  to  have  been,  could  be  exposed  to  the  ac- 
tion of  intense  heat,  without  being  deprived,  of  iti 
inflammable  part,  is  obviated  by  the  principle  for- 
merly explained  concerning  the  eflfecta  of  com- 
pression. The  weight  incumbent  on  the  strata  of 
coal,  when  they  were  exposed  to  the  intense  best 
of  the  mineral  regions,  may  have  been  such  as  to 
retain  the  oily  and  bituminous,  as  well  as  sulphu- 
reous parts,  though  the  whole  was  reduced  aloMMl 
to  fusion  ;  and  thus,  on  cooling,  the  sulphur  mut- 
ing with  iron  might  ci7stallize,  and  assume  the 
form  of  pyrites. 

SO.  The  compression,  however,  has  not  ib  every 
instance  preserved  the  bituminous,  in  union  with 
the  carbonic  part  of  coal ;  and  hence  a  mark  of  the 
operation  of  fire  quite  peculiar  to  this  fossil^  and 
found  in  those  infusible  kinds  of  it  which  contain 
no  bitumen,  and  bum  without  flame.  These  re> 
semble,  some  of  them  very  precisely,  and  all  of 
them  in  a  great  degree,  the  products  obtained  bj 
the  distillation  of  the  common  bituminous  coal; 
that  is,  they  consist  of  charcoal,  united  to  an 
earthy  basis  in  different  proportions.  It  is  natural 
therefore  to  conclude,  that  this  substance  was  pre- 
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pared  in  the  mineral  regions  by  the  action  of  heat, 
which,  in  some  instances,  has  driven  off  the  rnflam- 
mable  part  of  the  coal.  That  the  heat  should, 
in  some  cases,  have  done  so,  is  not  inconsistent 
with  the  general  effect  attributed  to  compression. 
The  conditions  necessary  for  retaining  the  more 
volatile  parts,  may  not  have  been  present  every 
where  in  the  same  degree,  so  tliat  the  latter, 
though  they  eonid  not  escape,  may  have  been  forc- 
ed from  one  part  of  a  stratum,  or  body  of  strata, 
to  another. 

31,  In  confirmation  of  this  it  must  be  observed, 
that,  as  the  fixed  part  of  coal  is  thus  found  in  the 
bowels  of  the  earth,  separate  from  the  volatile  or 
bituminous,  so,  in  the  neighbourhood  of  eoal  strata, 
the  latter  is  sometimes  found  without  any  mixture 
of  the  former.  The  fountains  of  naphtha  and  pe- 
troleum are  well  knovm  ;  and  Dr  Hutton  has  de- 
scribed a  stratum  of  limestone,  lying  in  the  centre 
of  a  coal  country,  which  is  pervaded  and  tinged  by 
bituminous  matter,  through  its  whole  mass,  and  has, 
at  the  same  time,  many  close  cavities  in  the  heart 
of  it,  lined  with  calcareous  spar,  and  containing 
fossil  pitch,  sometimes  in  large  pieces,  sometimes  in 
hemispherical  drops,  scattered  ^over  the  surface  of 
the  cavities,  Tliis  combination  could  only  be  ef- 
fected by  a  part  of  the  inflammable  matter  of  the 
beds  of  coal  underneath,  being  driven  off  by  heat, 
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and  made  to  penetrate  the  limestone,  while  it  was 
yet  soft  and  pervious  to  heated  vapours,  * 

32*  Hitherto  we  have  enumerated  those  fossibthat 
are  either  not  at  all,  or  very  sparingly  soluble  in  wa- 
ter. There  are,  however,  saline  bodies  among  the 
mineral  strata,  such  for  instance  as  rock-salt,  which 
are  readily  dissolved  in  water  j  and  it  yet  remains 
to  examine  by  what  cause  their  consolidation  has 
been  effected* 

Here  the  theorists  who  consider  water  as  the  sole 
agent  in  the  mineralization  of  fossils,  are  indeed  de- 
livered from  one  difficulty,  but  it  is  only  that  they 
may  be  harder  pressed  on  by  another.  It  cannat 
now  be  said,  that  the  menstruum  which  they  em- 
ploy is  incapable  of  dissolving  the  substances  expos- 
ed to  its  action,  as  in  the  case  of  metallic  or  stony 
bodies  j  but  it  may  very  well  be  asked,  how  the 
water  came  to  deposit  the  salts  which  it  held  m 
solution,  and  to  deposit  them  so  copiously  as  it  has 
done  in  many  places,  without  any  vestige  of  similar 
deposition  in  the  places  immediately  contiguous.  If 
they  refuse  to  call  to  their  assistance  any  other  than 
their  favourite  element,  they  will  not  find  it  easy  to 
answer  this  question,  and  must  feel  the  embarrass* 
ment  of  a  system,  subject  to  two  ditBculties,  so 
nicely,  but  so  unhappily  adjusted,  that  one  of  then 
is  always  prepared  to  act  whenever  the  other  is  re- 
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moved.  If,  on  the  other  hand,  they  will  admit  the 
operation  of  subterraneous  heatj  it  appears  possible, 
that  the  local  application  of  such  heat  may  have 
driven  the  water,  in  vapour,  from  one  place  to  ano- 
ther, aod  by  such  action  often  repeated  in  the  same 
spot,  m<iy  have  produced  those  great  accumulations 
of  saline  matter,  that  are  actually  found  in  the 
bowels  of  the  earth, 

S3*  But  granting  that,  either  in  the  way  just 
pointed  out,  or  in  some  other  that  is  unknown,  the 
salt  and  the  water  have  been  separated,  some  fur- 
ther action  of  heat  seems  requisite,  before  a  com- 
pact, and  highly  indurated  body,  like  rock-salt, 
could  be  produced.  The  mere  precipitation  of  the 
salt,  would,  as  Dr  Huttou  has  observed,  fonn  only 
an  assemblage  of  loose  crystals  at  the  bottom  of  the 
sea,  without  solidity  or  cohesion  :  and  to  convert 
such  a  mass  into  a  firm  and  solid  rock,  would  re- 
quire the  application  of  such  heat  as  was  able  to  re- 
duce it  into  fusion.  The  consolidation  of  rock-salt, 
therefore,  however  its  separation  from  the  water  is 
accounted  for,  cannot  be  explained  but  on  the  hy- 
pothesis of  subterraneous  heat, 

34,  Some  other  phenomena  that  have  been  ob- 
served in  salt  mines,  come  in  support  of  the  same 
conclusion.  The  salt  rock  of  Cheshire,  which  lies 
in  thick  beds,  interposed  between  strata  of  an  argil- 
laceous or  marly  stone,  and  is  itself  mixed  with  a 
considerable  portion  of  the  same  earth,  exhibits  a 
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very  great  peculiarity  in  its  structure.  Though  it 
forms  a  mass  extremely  compact,  the  salt  is  found 
to  be  arranged  in  round  masses  of  five  or  six  feet  in 
diameter,  not  truly  spherica],  but  each  compressed 
by  those  that  surround  it,  so  as  to  have  the  shape  of 
an  irregular  polyhedron.  These  are  formed  of  con* 
centric  coats,  distinguishable  from  one  another  bj 
their  colour,  that  is,  probably  by  the  greater  or  less 
quantity  of  earth  which  they  contain,  so  that  the 
roof  of  the  mine,  as  it  exhibits  a  horizontal  sectioa 
of  them,  is  divided  into  polygonal  figures,  each  with 
a  multitude  of  polygons  within  it,  having  altog^ 
ther  no  inconsiderable  resemblance  to  a  mosak 
pavement.  In  the  triangular  spaces  without  the 
polygons,  the  salt  is  in  coats  parallel  to  the  sides  of 
the  polygons. 

The  circumstances  which  gave  rise  to  thi^  aingUv 
lar  structure  we  should  in  vain  endeavour  to  define ; 
yet  some  general  conclusions  concerning  them  seent 
to  be  within  our  reach.  It  is  clear  that  the  whole 
mass  of  salt  was  fluid  at  once,  and  that  the  forces, 
whatever  they  were,  which  gave  solidity  to  it,  and 
produced  the  new  arrangement  of  its  particles,  were 
all  in  action  at  the  same  time.  The  uniformity  of 
the  coated  structure  is  a  proof  of  this,  ^nd,  above  all, 
the  compression  of  the  polyhedra,  which  is  always 
mutual,  the  flat  side  of  one  being  turned  to  the  flat 
side  of  another,  and  never  an  angle  to  an  anglcii 
nor  an  angle  to  a  side.     The  coats  formed  as  it 
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were  round  so  many  different  centres  of  attraction, 
is  also  an  appearance  quite  inconsistent  witli  the  no- 
tion of  deposition  ;  both  these,  however,  arc  com- 
patible with  the  notion  of  solidity  acquired  by  the 
refrigeration  of  a  fluid,  where  the  whole  mass  is  act- 
ed on  at  the  same  time,  and  where  no  solvent  re^ 
mains  to  be  disposed  of  after  the  induration  of  the 
rest. 

35*  Another  species  of  fossil  salt  exhibits  ap. 
pearances  equally  favourable  to  the  theory  of  igne- 
ous  consolidation*  This  is  the  Troea  of  Africa, 
which  is  no  other  than  soda,  or  mineral  alkali »  in  a 
particular  state.  The  specimen  of  this  fossil  in  Dr 
Black's,  now  Dr  Hope's,  collection,  is  of  a  sparry 
and  radiated  structure,  and  is  evidently  part  of  the 
contents  of  a  vein,  having  a  stony  crust  adhering  to 
It,  on  one  side,  with  its  own  sparry  structure  com- 
plete, on  the  opposite.  It  contains  but  about  one- 
sixth  of  the  water  of  crystallization  essential  to  this 
salt  when  obtained  in  the  humid  way  ;  and,  what 
is  particularly  to  be  remarked,  it  does  not  lose  this 
water,  nor  become  covered  with  a  powder,  like  the 
common  alkali,  by  simple  exposure  to  the  air.  It 
is  evident,  therefore,  that  this  fossil  does  not  origi- 
nate from  mei'e  precipitation  ;  and  when  we  add, 
that  in  its  sparry  structure  it  contains  evident  marks 
of  having  once  been  fluid,  we  have  little  reason  to 
entertain  much  doubt  concerniog  the  principle  of 
its  cousolidatioUf 
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Thus,  then,  the  testimony  given  to  the  operation 
of  fire,  or  heat,  as  the  consoiidating  power  of  the 
mineral  kingdom,  is  not  confined  to  a  few  fomai§p 
but  is  general  over  all  the  strata.  How  far  tbe 
unstratified  fossils  agree  in  supporting  the  same  con- 
clusion, will  be  afterwards  examined. 


8.  Position  of  the  Strata** 

36.  We  have  seen  of  what  materials  the  strata 
are  composed,  and  by  what  power  they  have  been 
consolidated  j  we  are  next  to  inquire,  from  what 
cause  it  proceeds,  that  they  are  now  so  far  removed 
from  the  region  which  they  originally  occupied, 
and  wherefore,  from  being  all  covered  by  the  ocean, 
they  are  at  present  raised  in  many  places  fifteen 
thousand  feet  above  its  surface-  Whether  this 
great  change  of  relative  place  can  be  best  account- 
ed for  by  the  depression  of  the  sea,  or  the  elevation 
of  the  strata  themselves,  remains  to  be  considered. 

Of  these  two  suppositions,  the  foniier,  at  first 
sight,  seems  undoubtedly  the  most  probable,  and 
we  feel  less  reluctance  to  suppose,  that  a  fluid,  so 
unstable  as  the  ocean,  has  undergone  the  great  re- 
volution here  referred  to,  than  that  the  solid  foun- 

•  Tlieoiy  of  the  Earth,  Vol  L  p,  120. 
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dations  of  the  land  have  moved  a  single  fathom 
from  their  place.  This,  however,  is  a  mere  illu- 
sion* Such  a  depression  of  the  level  of  the  sea  as 
is  here  supposed,  could  not  happen  without  a 
change  proportionally  great  in  the  solid  part  of  the 
globe  ;  and,  though  admitted  as  true,  will  be  found 
very  inadequate  to  explain  the  present  condition  of 
the  strata* 

37.  Supposing  the  appearances  which  clearly  in- 
dicate submersion  under  water  to  reach  no  higher 
than  ten  thousand  feet  above  the  present  level  of  the 
sea,  and  of  course  the  surface  of  the  sea  to  have 
been  formerly  higher  by  that  quantity  than  it  is 
now ;  it  necessarily  follows,  that  a  bulk  of  water 
has  disappeared,  equal  to  more  than  a  seven  hun- 
dredth part  of  the  whole  magnitude  of  the  globe.  * 
The  existence  of  empty  caverns,  of  extent  sufficient 
to  contain  this  vast  body  of  water,  and  of  such  a 
convulsion  as  to  lay  them  open,  and  give  room  to 
the  retreat  of  the  sea,  are  suppositions  which  a  phi* 
losopher  could  only  be  justified  in  admitting,  if 
they  promised  to  furnish  a  very  complete  explana- 
tion of  appearances.  But  this  justification  is  en- 
tirely wanting  in  the  present  case  ;  for  the  retreat 
of  the  ocean  to  a  lower  level,  flunishes  a  very  par- 
tial and  imperfect  explanation  of  the  phenomena  of 
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geology.  It  will  not  explain  the  numberiess  le* 
mains  of  ancient  continents  that  are  involved,  as  wt 
have  seen,  in  the  present,  unless  it  be  suppoaed 
that  the  ancient  ocean,  though  it  rose  to  so  great  a 
height,  had  nevertheless  its  shores^and  was  the 
boundary  of  land  still  higher  than  itself.  And,  as 
to  that  which  is  now  more  immediately  the  otgect 
of  inquiry,  the  position  of  the  strata,  though  the 
above  hypothesis  would  account  in  some  sort  fw 
the  change  of  their  place,  relatively  to  the  levdi  rf 
the  sea ;  yet,  if  it  shall  be  proved,  that  the  stnta 
have  changed  their  place  relatively  to  each  othert 
and  relatively  to  the  plane  of  the  horizon,  so  as  to 
have  had  an  angular  motion  impressed  on  tlieni,  it 
is  evident  that,  for  these  facts,  the  retreat  of  the  sea 
does  not  afford  even  the  shadow  of  a  theory. 

38.  Now,  it  is  certain,  that  many  of  the  strata 
have  been  moved  angularly,  because  that,  in  their 
original  position,  they  must  have  been  all  neariy 
horizontal.  Loose  materials,  such  as  sand  and 
gravel  subsiding  at  the  bottom  of  the  sea,  and  hav« 
ing  their  interstices  filled  with  water,  possess  a 
kind  of  fluidity  :  they  are  disposed  to  yield  on  the 
side  opposite  to  that  where  the  pressure  is  greatest,  • 
and  are  therefore,  in  some  degree,  subject  to  the 
laws  of  hydrostatics.  On  this  account  they  wiU. 
arrange  themselves  in  horizontal  layers ;  and  the 
yibrations  of  the  incumbent  fluid,  by  impressing  ^ 


BUTTON  IAN  TaEORY.  59 

slight  motion  backward,  and  forward,  on  the  mate* 
rials  of  these  layers,  will  very  much  assist  the  ac- 
curacy of  their  leveL 

It  is  not,  however,  meant  to  deny,  that  the  fomi 
of  the  bottom  might  influence,  in  a  certain  degree, 
the  stratitication  of  the  substances  deposited  on  it. 
The  figure  of  the  lower  beds  deposited  on  an  un- 
Qven  surface,  would  necessarily  be  affected  by  two 
causes  ;  the  inclination  of  that  surface,  on  the  one 
band,  and  the  tendency  to  horizontal  ily,  on  the 
other  ;  but,  as  the  former  cause  would  grow  less 
powerful  as  the  distance  from  the  bottom  increased, 
the  latter  cause  would  finally  prevail,  so  that  the 
upper  beds  would  approach  to  horizontahty,  and 
the  lower  would  neither  be  exactly  parallel  to  them, 
nor  to  one  another.  WTieneveF,  therefore,  we  meet 
with  rocks,  disposed  in  layers  quite  parallel  to  one 
another,  we  may  rest  assured,  that  tlie  inequalities 
of  the  bottom  have  had  no  effect,  and  that  no  cause 
has  interrupted  the  stiitical  tendency  above  explain- 
ed* 

Now,  rocks  having  their  layers  exactly  parallel, 
are  very  common,  and  prove  their  original'  horizon* 
tality  to  have  been  more  precise  than  we  could  ven- 
ture to  conclude  from  analogy  alone*  In  beds  of 
sandstone,  for  instance,  nothing  is  more  frequent 
than  to  see  the  tliin  layers  of  sand,  separated  from 
one  another  by  layers  still  finer  of  coaly,  or  micace- 
ous niatter,  that  are  almost  exactly  parallel,  and 
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continue  so  to  a  greit  extent  without  any  sensible 
deviation.  These  planes  can  have  acquired  their 
parallelism  only  in  consequence  of  the  property  of 
water  just  stated,  by  which  it  renders  the  surfaces 
of  the  layers,  which  it  deposits,  parallel  to  its  own 
surface,  and  therefore  parallel  to  one  another* 
Though  such  strata,  therefore,  may  not  now  be 
horizontal,  they  must  have  been  so  originally  j 
otherwise  it  is  impossible  to  discover  any  cause  for 
their  parallelism,  or  any  rule  by  which  it  can  have 
been  produced. 

39.  This  argument  for  the  original  liorizontali- 
ty  of  the  strata,  is  applicable  to  those  that  are  now 
farthest  removed  from  that  position.     Among  such, 
for  instance,  as  are  highly  Inclined,  or  even  quite 
vertical,  and  among  those  that  are  bent  and  incur- 
vated  in  the  most  fantastical  manner,  as  happens 
more   especially  in  the  primai*y  schisti,    we   ob- 
serve, through  all  their  sinuosities  and  inflections, 
an  equality  of  thickness  and  of  distance  amoi^ 
their  component  larainiB.     This  equality  could  on- 
ly be  produced  by  those  lamina^  having  been  ori- 
ginally spread  out  on  a  flat  and  level  surface,  from 
which  situation,  therefore,   they  must  afterwards 
have  been  lifted  up  by  the  action  of  some  powerful 
cause,    and   must   have  suffered   this  disturbance 
while  they  were  yet  in  a  certain  degree  flexible 
and  ductile.     Though  the  primary  direction  of  the 
force  which  thus  elevated  them  must  have  beeu 
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from  below  upwards,  yet  it  has  been  so  combined 
With  the  gravity  and  resistance  of  the  mass  to  wliich 
it  W2L8  applied,  as  to  create  a  lateral  and  oblique 
thrust,  and  to  produce  those  contortions  of  the 
strata,  which,  when  on  the  great  scale,  are  among 
the  most  striking  and  instructive  phenomena  of 
geology. 

40*  Great  additional  force  is  given  to  tliis  argu- 
jnent,  in  many  cases,  by  the  nature  of  the  mate- 
rials of  which  the  stmtitied  rocks  are  composed. 
The  beds  of  breccia  and  pudding-stone,  for  in- 
stance, are  often  in  planes  almost  vertical,  and,  at 
the  same  time,  contain  gravel-stones,  and  other 
fragments  of  rock,  of  such  a  size  and  weight,  that 
they  could  not  remain  in  their  present  position  an 
instant,  if  the  cement  which  unites  them  were  to 
become  soft ;  and  therefore  they  certainly  had  not 
that  position  at  the  time  when  this  cement  was  ac* 
tually  soft.  This  remark  has  been  made  by  miue- 
raiogists  who  were  not  led  to  it  by  any  system. 
The  judicious  and  indefatigable  observer  of  the 
Alps,  describing  the  pudding-stone  of  Valorsine, 
near  the  sources  of  the  Arve,  tells  us,  that  he  was 
astonished  to  find  it  in  beds  almost  vertical,  a  situa- 
tion in  which  it  could  not  possibly  have  been  form- 
ed. "  Tliat  particles,**  he  adds,  "  of  extreme  te- 
nuity, suspended  in  a  fluid,  might  become  aggluti- 
nated, and  form  vertical  beds,  is  a  thing  that  may 
be  conceived  }  but  that  pieces  of  stone,  of  several 
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pounds  weight,  should  have  rested  on  the  side  of  n 
perpendicular  wall,  till  they  were  enveloped  in  a 
stony  cement,  and  united  into  one  mass,  is  a  sap- 
position  impossible  and  absurd.  It  should  be  con- 
sidered, therefore,  as  a  thing  demonstrated,  that 
this  pudding-stone  was  formed  in  a  horizontal  po- 
sition, or  one  nearly  such,  and  elevated  after  its 
induration.  We  know  not,''  he  continues,  **  the 
force  by  which  this  elevation  has  been  effected ; 
but  it  is  an  important  step  among  the  prodigiom 
number  of  vertical  beds  that  are  to  be  met  with  in 
the  Alps,  to  have  found  some  that  must  certainly 
have  been  formed  in  a  horizontal  situation**'  * 

41.  Nothing  can  be  more  sound  and  condnsiTe 
than  this  reasoning  ;  and  had  the  ingenious  author 
pursued  it  more  systematically,  it  must  have  led 
him  to  a  theory  of  mountains  very  little  difl^ent 
from  that  which  we  are  now  endeavouring  to  ex- 
plain. If  some  of  the  vertical  strata  are  proved 
to  have  been  formed  horizontally,  there  can  be  no 
reason  for  not  extending  the  same  conclusion  to 
them  all,  even  if  we  had  not  the  support  of  the  ar- 
gument from  the  parallelism  of  the  layers,  which 
has  been  already  stated. 

42.  The  highly  inclined  position,  and  the  ma- 
nifold inflections  of  the  strata,  are  not  the  only 
proofs  of  the  disturbance  that  they  have  suffisred, 

*  Voyages  aux  Alpes^  Tom.  II.  §  6go. 
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and  of  the  violence  with  which  they  have  been 
forced  up  from  their  original  place.  Those  inter* 
ruptions  of  their  continuity  which  are  observedi 
Ixjth  at  the  surface  and  under  it,  are  evidenees  of 
the  same  fact*  It  is  plain,  that  if  they  remained 
now  in  the  situation  in  which  they  were  at  first  de- 
posited,  they  would  never  appear  to  be  suddenly 
broken  off.  No  stratum  would  tenninate  abrupt- 
ly ;  but,  however  its  nature  and  properties  might 
change,  it  would  constitute  an  entire  and  continued 
rock,  at  least  where  the  effects  of  waute  and  detritus 
had  not  produced  a  separation.  This,  however,  is 
very  far  from  being  the  actual  condition  of  strati- 
fied bodies.  Those  that  are  much  inclined,  or  that 
make  considerable  angles  with  the  horizontal  plmie, 
must  terminate  abruptly  where  they  come  up  to 
the  surface.  Their  doing  so  is  a  necessary  conse- 
quence of  their  position,  and  furnishes  no  argu- 
ment, it  may  be  said,  for  their  having  been  distm'b- 
ed,  different  from  that  which  has  been  alreaciy  de- 
duced from  their  inclination*  There  are,  however, 
instances  of  a  breach  of  continuity  in  the  strata, 
under  the  surface,  that  afford  a  proof  of  the  vio- 
lence with  which  they  have  been  displaced,  differ- 
ent from  any  hitherto  mentioned*  Of  this  nature 
are  the  slips  or  skiftSy  that  so  often  peq^lex  the 
miner  in  his  subterraneous  journey,  and  whicli 
change  at  once  all  those  lines  and  bearings  that  had 
hitherto   directed   his   course.     When   his  mine 
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reaches  a  certain  plane,  which  is  sonietiraes  pei 
dieular,  sometiineK  obliqoe  to  the  horizon,  he  fiock 
the  beds  of  rock  broken  asunder,  those  on  the  one 
side  of  the  plane  having  changed  their  place,  by 
sliding  in  a  particular  direction  along  the  face  of. 
the  others.  In  this  motion  they  have  sometimes 
preserved  their  parallelism,  that  is,  the  strata  on 
one  side  of  the  slip  continue  parallel  to  those  on 
the  other ;  in  other  cases,  the  strata  on  each  side 
become  inclined  to  one  another,  thou^  their 
identity  is  still  to  be  recognized  by  their  possessing 
the  same  thickness,  and  the  same  internal  charac- 
ters. Tliese  shijh  are  often  of  great  extent,  and 
must  be  measured  by  the  quantity  of  the  rock 
moved,  taken  in  conjunction  with  the  distance  to 
which  it  has  been  carried.  In  some  instances,  a 
vein  is  formed  at  the  plane  of  the  shift  or  slip,  fill- 
ed with  materials  of  the  kinds  which  will  be  here- 
after mentioned ;  in  other  instances,  the  opposite 
sides  of  the  rock  remain  contiguous,  or  have  the 
interval  between  them  filled  with  soft  and  uncon- 
solidated earth.  All  these  are  the  undeniable  ef- 
fects of  some  great  convulsion,  which  has  shaken 
the  very  foundations  of  the  earth ;  but  which,  fer 
from  being  a  disorder  in  nature,  is  part  of  a  regular 
system,  essential  to  the  constitution  and  economy 
of  the  globe. 

The  production  of  the  appearances  now  describ- 
ed^ belongs,  without  doubt,  to  diflerent  periods  of 
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\me;  and,  where  slips  intersect  one  another,  we 
in  often  distinguish  the  less  from  the  more  an- 
cient They  ai*e  all,  however,  of  a  date  posterior 
to  that  at  which  the  waving  and  undulated  forms 

■  of  the  strata  were  acquired,  as  they  do  not  cany 
with  them  any  marks  of  the  softness  of  the  rock, 
but  many  of  its  complete  indimttion. 

The  same  phenomenon  which  is  thus  exemplifi* 
ed  on  a  great  scale  in  the  bowels  of  the  earth,  ig 

■  often  most  beautifully  exhibited  in  single  specimeiis 
of  stone*  and  h  accompanied  with  this  remarkable 
circumstance,  that  the  integrih/  of  the  stone  is  not 
destroyed  by  the  shifts,  whatever  wounds  had  been 
made  in  it  being  healed,  and  the  parts  timily  re* 
united  to  one  another.  *  ft 

43.  Though  such  marks  of  violence  as  have  been 
now  enumerated  are  common  in  some  degree  to  aU 
the  strata,  they  abound  most  among  the  primary, 
and  point  out  these  as  the  part  of  our  globe  which 
has  been  exposed  to  the  greatest  vicissitudes.  At 
their  junction  with  the  secondary,  or  where  they 
emerge,  as  it  were,  from  under  the  latter,  pheno- 
mena occur,  which  mark  some  of  those  vicissitudes 
with  astonishing  precision  j  phenomena  of  which 
the  nature  was  first  accurately  explored,  and  the 
consequences  fully  deduced,  by  the  geologist  whose 
system  I  am  endeavouring  to  explain.     He  ob- 
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served,  in  several  mstances,  that  where  the  pri« 
mary  schistus  rises  in  beds  almost  vertical,  it  is 
covered  by  horizontal  layers  of  secondary  sandstone, 
which  last  are  penetrated  by  the  irregular  tc^  of 
the  schistus,  and  also  involve  fragments  of  that 
rock,  some  angular,  others  round  and  smooth,  as  if 
worn  by  attrition.  From  this  he  concluded,  that 
the  primary  strata,  after  being  formed  at  the  bot- 
tom of  the  sea,  in  planes  nearly  horisontal,  were 
raised,  so  as  to  become  almost  vertical,  while  they 
were  yet  covered  by  the  ocean,  and  before  the  se- 
condary strata  had  begun  to  be  deposited  on  them. 
He  also  argued,  that,  as  the  fragments  of  the  pri- 
mary rock,  included  in  the  secondary,  are  many  of 
them  rounded  and  worn,  the  deposition  of  the  lat- 
ter must  have  been  separated  from  the  elevation  of 
the  former  by  such  an  interval  of  time,  as  gave 
room  for  the  action  of  waste  and  decay,  allowing 
those  fragments  first  to  be  detached,  and  after- 
wards wrought  into  a  round  figure.  * 

44.  Indeed,  the  interposition  of  a  breccia  be- 
tween the  primary  and  secondary  strata,  in  wliidi 
the  fragments,  whether  round  or  angular,  are  al- 
ways of  the  primary  rock,  is  a  fact  so  general,  and 
the  quantity  of  this  breccia  is  often  so  great,  that  it 
leads  to  a  conclusion  more  paradoxical  than  any  of 
the  preceding,  but  from  which,  nevertheless,  il 
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seems  very  difficult  to  withhold  assent.  Round 
gravel,  when  in  great  abundance,  agreeably  to  a 
remark  already  niade^  must  necessarily  be  consi- 
dered as  a  production  peculiar  to  the  beds  of  ri- 
vers, or  the  shores  of  continents,  and  as  hardly 
ever  formed  at  great  depths  under  the  surface  of 
the  sea.  It  should  seem,  then,  that  the  primary 
schistus,  after  attaining  its  erect  position,  had  been 
raised  up  to  the  surface,  where  this  gravel  was 
formed ;  and  from  thence  had  been  let  down  again 
to  the  depths  of  the  ocean,  where  the  secondary 
strata  were  deposited  on  it*  Such  alternate  eleva- 
tions and  depressions  of  the  bottom  of  the  sea, 
however  extraordinary  they  may  seem,  will  appear 
to  make  a  part  of  the  system  of  the  mineral  king- 
dom, from  other  phenomena  hereafter  to  be  de- 
scribed* 

45.  On  the  whole,  therefore,  by  comparing  the 
actual  position  of  the  strata,  their  crectness,  their 
curvature,  the  interruptions  of  theii*  continuity, 
and  the  transverse  stratification  of  the  seeondai-y  in 
respect  of  the  primary,  with  the  regular  and  level 
situation  which  the  same  strata  must  have  origi- 
nally possessed,  we  have  a  complete  demonstration 
of  their  having  been  disturbed,  torn  asunder,  and 
moved  angularly,  by  a  force  that  has,  in  general, 
lieen  direeted  from  below  upwards.  In  establish- 
ing this  conclusion,  we  have  reasoned  more  from 
the  facts  which  relate  to  the  angular  ckvaiion  of 
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the  Strata,  than  from  those  which  rdate  to  thear 
absolute  elevatioJh  or  their  tranahtion  to  a  greatar 
distance  from  the  centre  of  the  earth*  Thia  hat 
been  done,  because  the  appearanoea,  ivhich  feapeet 
the  absolute  lifting  up  of  the  strata  are  more  aai- 
biguoua  than  those,  which  reqpect  the  dwnge  ef 
their  anguhir  position.  The  former  might  he  ae« 
counted  for,  could  they  be  separated  fiom  the  k^ 
ter,  in  two  ways,  via.  either  by  the  retreat  of  de 
sea,  or  the  raising  up  of  the  land ;  hot  the  latter 
can  be  explained  only  in  one  way,  and  force  ns  ef 
necessity  to  acknowledge  the  existence  of  aa  cb« 
panding  power,  which  has  acted  on  the  strata  with 
incredible  eneigy,  and  has  been  directed  fitni  die 
centre  toward  the  circumference. 

46.  When  we  are  assured  of  the  existence  of 
such  a  power  as  this  in  the  mineral  r^ona^  «a 
should  ai^gue  with  singular  inconsistency,  if  we  did 
not  ascribe  to  it  all  the  other  appearancea  of  mo* 
tion  in  those  regions,  wliich  it  is  adequate  to  pro- 
duce.  If  nature  in  her  subterraneous  abodea  is 
provided  with  a  force  that  could  burst  asunder  the 
massy  pavement  of  the  globe,  and  place  the  fifag* 
menta  upright  upon  their  edges,  could  die  not^  by 
the  same  effort,  raise  them  from  the  greatest  depths 
of  the  sea,  to  the  highest  elevation  of  the  land? 
The  cause  that  is  adequate  to  one  of  these«e£keta 
is  adequate  to  them  both  together ;  for  it  is  a  prin- 
ciple well  known  in  mechanical  philosophy,  that 
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the  force  which  produces  a  parallel  motion,  niajf, 
accordiiig  to  the  way  in  which  it  is  applied,  pro- 
duce also  an  angular  motion,  without  any  diminu- 
tion of  the  former  effect.     It  would,  therefore,  be 
extremely  unphilosophical   to   suppose,   that  any 
other  cause  has  changed  the  relative  level  of  the 
strata^  and  the  surface  of  the  sea,  than  that  which 
has,  in  so  many  cases,  raised  the  strata  from  a  ho* 
rizontal  to  a  highly  inclined,  or  even  vertical  situa- 
tion :  it  would  be  to  introduce  the  action  of  more 
causes  than  the  phenomena  require,  and  to  forget, 
tliat  nature,  whose  operations  we  are  endeavouring 
to  trace,  combines  the  possession  of  infinite  re* 
sources  with  the  most  economical  application  of 
them. 

47.  From  all,  therefore,  that  relates  to  the  posi- 
tion of  the  strata,  I  think  I  am  justified  in  affirm- 
ing, that  their  disturbance  and  removal  from  the 
place  of  their  original  formation,  by  a  force  direct- 
ed from  below  upwards,  is  a  fact  in  the  natural  his* 
tory  of  the  earth,  as  perfectly  ascertained  as  any 
thing  which  is  not  the  subject  of  immediate  obser- 
vation. As  to  the  power  by  which  this  great  ef- 
fect has  beep  produced,  we  cannot  expect  to  decide 
with  equal  evidence,  but  must  be  contented  to  pass 
from  what  is  certain  to  what  is  probable.  We  may, 

f,  remark,  that  of  the  forces  in  nature  to  which 
experience  does  in  any  degree  extend,  none 
s  so  capable  of  the  effect  we  would  ascribe  to 
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it,  as  the  expansive  power  of  heat ;  a  power  to 
which  no  limits  can  be  set,  and  one,  which,  on 
grounds  quite  independent  of  the  elevation  of  the 
strata,  has  been  already  concluded  to  act  with 
great  energy  in  the  subterraneous  regions*  We 
have,  indeed,  no  other  alternative,  but  either  to 
adopt  this  explanation,  or  to  ascribe  the  facts  in 
question  to  some  secret  and  unknown  cause,  though 
we  are  ignorant  of  its  nature,  and  have  no  evidence 
of  its  existence. 

We  are  therefore  to  suppose,  that  the  power  of 
the  same  subterraneous  heat,  which  consolidated 
and  n:iineiiilizcd  the  strata  at  the  bottom  of  the 
sea,  has  since  raised  them  up  to  the  height  at  which 
they  are  now  placed,  and  has  given  them  the  va- 
rious inclinations  to  the  horizon  which  they  are 
found  actually  to  possess. 

48.  The  probability  of  tliis  hypothesis  will  ap- 
pear greatly  increased,  when  it  is  considered,  that, 
besides  those  now  enumerated,  there  are  other  in- 
dications of  movement  among  the  bodies  of  the  mi- 
neral kingdom,  where  effects  of  heat  more  charac- 
teristic than  simple  expansion  are  clearly  to  be  dis- 
covered*  Thus,  on  examining  the  marks  of  disor- 
der and  movement  which  are  found  among  the 
strata,  it  cannot  fail  to  be  observed,  that  notwith- 
standing the  fracture  and  dislocation,  of  which  they 
ajSbrd  so  many  examples,  there  are  few  empty  spa- 
ces to  be  met  with  among  them»  as  far  as  our  ob- 
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servation  extends.  The  breaches  and  separations 
are  numerous,  and  distinct ;  but  they  are,  for  the 
most  part,  completely  filled  up  with  minerals  of  a 
kind  quite  different  from  the  rock  on  each  side  of 
them,  and  renuirkable  for  containing  no  vestiges  of 
stratification.  We  are  thus  led  to  consider  the  un- 
atiatified  minerals,  the  second  of  the  divisions  into 
which  the  whole  mineral  kingdom,  viewed  geolo- 
Really,  ought  to  be  distinguished.  These  minerals 
are  immediately  connected  with  the  disturbance 
of  the  strata,  and  appear,  in  many  instances,  to 
have  been  the  instruments  of  their  elevation. 
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SECTION  11. 

Otf  TUB  PU£NOM£NA  F&CULIAB  TO  UNSTRATIPlED 
BODIES. 

1.  Metallic  Veins. 

49*  The  unstratified  minerals  exist  either  in 
veins^  intersecting  the  stratified,  or  in  masses  sur- 
rounded by  them.  Veins  are  of  various  kinds,  and 
may  in  general  be  defined,  separations  in  the  con- 
tinuity of  a  rock,  of  a  determinate  width,  but  ex- 
tending indefinitely  in  length  and  depth,  and  filled 
with  mineral  substances,  different  from  the  rock  it- 
self. The  mineral  veins,  strictly  so  called,  are 
those  filled  with  crystallized  substances,  and  con- 
taining the  metallic  ores. 

That  these  veins  are  of  a  formation  subsequent 
to  the  hardening  and  consolidation  of  the  strata 
which  they  traverse,  is  too  obvious  to  require  any 
proof;  and  it  is  no  less  clear,  from  the  crystal- 
lized and  sparry  structure  of  the  substances  con- 
tained in  them,  that  these  substances  must  have 
concreted  from  a  fluid  state.  Now,  that  this  flui- 
dity was  simple,  like  that  of  fusion  by  heat,  and 
not  compound,  like  that  of  solution  in  a  men- 
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straum,  is  inferred  from  many  phenomena.  It  is 
inferred  from  the  acknowledged  insolubility  of  the 
substances  that  fill  the  veins,  in  any  one  menstiiium 
whatsoever ;  from  the  total  disappearance  of  the 
solvent,  if  there  was  any  ;  from  the  complete  filling 
up  of  the  vein  by  the  substances  which  that  solvent 
had  deposited  j  from  the  entire  absence  of  all  the 
appearances  of  horizontal  or  gradual  deposition  ; 
and,  lastly,  from  the  existence  of  close  cavities,  lin* 
ed  with  crystals,  and  admitting  no  egress  to  any 
thing  but  heat, 

50.  To  the  same  effect  may  be  mentioned  those 
groups  of  crystals  composed  of  substances  the  most 
different,  that  are  united  in  the  same  specinifu,  all 
intersecting  and  mutually  impressing  one  another. 
These  admit  of  being  explained,  on  the  supposi- 
tion that  they  were  originally  in  fusion,  and  became 
solid  by  the  loss  of  heat ;  a  cause  that  acted  on 
them  all  alike,  and  alike  impelled  them  to  crystal* 
Uze  :  But  the  appearances  of  simultaneous  crystal- 
lization seem  incompatible  with  the  nature  of  depo- 
sition from  a  solvent,  where,  witli  respect  to  differ- 
ent substances,  the  effects  must  take  place  slowly, 
and  in  succession. 

51.  The  metals  contained  in  the  veins  which 
we  are  now  treating  of,  appear  very  commonly  in 
the  form  of  an  ore,  mineralized  by  sulphur.  Their 
union  with  this  latter  substance  can  be  produced, 
as  we  know,  by  heat,  but  hardly  by  the  way  of  so- 
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lytion  in  a  menstruum,  and  ceitainly  not  at  all,  tf 
that  menstruum  is  nothing  else  than  water.  The 
metals^  therefore,  when  minerahzed  by  sulpliur, 
give  no  countenance  to  the  hypothesis  of  aqueous 
solution  ;  and  still  less  do  they  give  any  when  they 
are  found  native,  as  it  is  called,  that  is,  malleable, 
pure  and  unconibiued  with  any  other  substance. 
The  great  masses  of  native  iron  found  in  Siberia 
and  South  America  are  well  known  ;  and  nothing 
certainly  can  less  resemble  the  products  of  a  che- 
mical precipitation.  Gold,  however,  the  most  per- 
fect of  the  metals,  is  found  native  most  frequently  ; 
the  others  more  rarely,  in  proportion  nearly  to  the 
facility  of  their  combination  with  sulphm*.  Of  all 
such  specimens  it  may  be  safely  affirmed,  that  if 
they  have  ever  been  fluid,  or  even  soft,  they  must 
have  been  so  by  the  action  of  heat }  for,  to  suppose 
that  a  metal  has  been  precipitated,  pure  and  un- 
combined  from  any  menstruum,  is  to  trespass 
against  all  analogy,  and  to  maintain  a  physical  im- 
possibility •  But  it  is  ceitain,  that  many  of  the  na- 
tive metals  have  once  been  in  a  state  of  softness, 
because  they  bear  on  them  impressions  which  they 
could  not  have  received  but  when  they  were  soft* 
Thus,  gold  is  often  impressed  by  quartz  and  other 
stones,  which  still  adhere  to  it,  or  are  involved  in 
it.  Specimens  of  quartz,  containing  gold  and  sil- 
ver shooting  through  them,  with  the  most  beauti- 
ful and  varied  ramiiicatious,  arc  every  where  to  be 
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liinet  with  in  the  cabinets  of  the  curious  ;  and  con- 
I'tain,  in  their  structure,  the  clearest  proof,  that  the 
iiinetal  and  the  quartz  have  been  both  soft,  and  have 
crystallized  together.  By  the  compactness,  also, 
•the  body  which  they  form,  they  show,  that  when 
dey  acquired  solidity,  it  w^as  by  the  concretion  of 
tthe  whole  mass,  and  not  by  such  partial  concretion 
as  takes  place  when  a  solvent  is  separated  from  sEb^l 
stances  which  it  held  in  solution, 

52.  Native  copper  is  very  abundant ;  and  some  j 
ecimens  of  it  have  been  found  crystallized.  Here ' 

he  crystallization  of  the  metal  is  a  proof  that  it 
passed  from  a  fiuid  to  a  solid  state ;  and  its 
purity  is  a  proof  that  it  did  not  make  that  transi* 
tioQ  by  being  precipitated  from  a  menstruum. 

53,  Again,  pieces  of  native  manganese  have  been 
found  possessing  so  exactly  the  characters  peculiar 
to  that  metal  when  reduced  in  our  furnaces,  that 
it  is  impossible  to  consider  them  as  deriving  their 
6gure  and  solidity  from  any  cause  but  fusion.  The 
iDgeoious  author  who  describes  these  specimens, 
Lapeyrouse,  was  so  forcibly  struck  with  this  re- 
semblance, that  he  immediately  drew  the  same 
conclusion  from  it  which  is  drawn  here,  attributing 
the  only  difference,  which  he  remarked  between 
the  native  and  the  artificial  regulus^  to  the  differ- 
ent energy  with  which  the  same  agent  works  when 
employed  by  nature  and  by  art-  * 

•  Theory  of  the  Eartli,  Vol.  L  p,  68.  Journd  de  Pliyu 
JdDvicr,  1786. 
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5iu  All  these  appearances  conspire  to  prove, 
L  that  tbc  materials  which  fill  the  mineral  veins  were 
Mnelted  by  heat,  and  forcibly  injected,  in  that 
te,  into  the  clefts  and  fissures  of  the  strata^ 
I  These  fissures  wa  must  conceive  to  have  arisen,  not 
Imerely  from  the  shrinking  of  the  strata  while  they 
kacquired  hardness  and  solidity,  but  from  the  vio- 
llence  done  to  them,  when  they  were  heaved  up  and 
elevated  in  the  manner  which  has  already  been  ex- 
plained. "^  ^ 

55.  When  these  suppositions  are  once  admitted, 
the  other  leading  facts  in  the  history  of  metallic 
veins  will  be  readily  accounted  for.  Thus,  for  in* 
stanee,  it  is  evident  to  what  we  must  ascribe  the 
fragments  of  the  surrounding  rock  that  are  often 
found  immersed  in  the  veins,  and  encompassed  on 
all  sides  by  crystallized  substances.  These  frag- 
ments being  no  doubt  detached  by  the  concussion, 
which  at  once  tore  asunder  and  elevated  the  strata, 
were  sustained  by  the  melted  matter  that  flowed^ 
at  the  same  time  upward  through  the  vein.  Large  *^ 
masses  of  rock  are  often  found  in  this  manner  com- 
pletely insulated  ;  one  of  these,  which  M,  Deluc 
lias  described  with  great  accuracy,  is  no  less  than  a 
vast  segment  of  a  mountain,  t  ^ 

56.  The  immense  violence  which  has  accompa-  *" 
nied  the  formation  of  mineral  veins,  is  particularly 


•  Note  xui. 

t  Lcttrcft  Physiquep,  ^c.  Tom,  TIL  p.  »6l. 
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marked  by  the  slipjj  and  shifts  of  the  strata  on  each 
side  of  them,  all  tending  to  show  what  mighty 
changes  have  taken  place  in  those  regions,  which 
aur  imagination  erroneously  paints  as  the  abode  of 
mrlas^ting  silence  and  rest*  Tliis  shifting  of  the 
strata  is  best  observed,  where  the  veins  make  a 
transverse  section  of  beds  of  rock,  considerably  in- 
dined  to  the  horizon.  There  it  is  common  to  see 
the  beds  on  one  side  of  the  vein  slipped  along  from 
the  corresponding  beds  on  the  other  side,  and  re- 
moved sometimes  in  a  horizontal,  sometimes  in  an 
oblique  direction.  In  this  way,  not  only  the  strata 
are  shifted,  but  veins,  which  intersect  one  anotlier, 
are  also  shifted  themselves.  They  are  heaved^  as 
it  is  called  in  the  significant  language  of  the  mi- 
ners, and  forced  out  of  their  direction.  It  is  im- 
possible, in  such  a  case,  but  to  connect  in  the  mind 
the  formation  of  the  vein,  and  the  production  of 
the  slips  which  accompany  it,  and  to  regard  them 
tt  parts  of  the  same  phenomeoon.  ix^ 

S7*  WTiere  these  slips  are  horizontal,  and  exhi- 
bit great  bodies  of  strata  Cisirricd  from  their  place, 
while  the  parts  of  the  transferred  mass  remain  un- 
Aiturbed  relatively  to  one  another,  they  furnish  a 
clear  proof,  that  this  change  of  place  has  not  arisen 
from  the  falling  in  of  the  roofs  of  caverns,  as  some 
geologists  suppose.  The  liorizontal  direction,  and 
the  regularity  of  the  movement,  are  incompatible 
Mh  the  action  of  such  a  cimse  as  this ;  and  in- 
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deed  it  is  IiigHly  iiUcresting  to  remark,  in  the  midst 
of  the  signs  of  disturbance  which  prevail  in  the 
bowels  of  the  earth,  that  there  reigns  a  certain 
symmetry  and  order,  which  indicate  the  action  of  a 
force  of  incretlible  magnitude,  but  slow  and  gradual 
in  its  effects.  The  parts  of  the  mass  moved  are  un- 
disturbed relatively  to  one  another  ;  what  has  been 
broken  has  been  cemented  ;  the  breaches  of  con- 
tinuity have  been  filled  up  and  healed  ;  and  every 
where  we  see  the  operation  of  a  cause  that  could 
unite  as  well  as  separate-  The  twofold  action  of, 
heat  to  expand  and  to  melt,  could  scarce  be  pointi^ 
ed  out  more  clearly  by  any  system  of  appearances, 

58,  As  a  long  period  was  no  doubt  required  for 
the  elevation  of  the  strata,  the  rents  made  in  them 
are  not  all  of  the  same  date,  nor  the  veins  all  of  the 
same  formation.  This  is  clear  iu  the  case  of  one  m 
vein  producing  a  shift  or  slip  in  another ;  for  the  fl 
vein  which  forces  the  other  out  of  its  place,  and 
preserves  its  own  direction,  is  evidently  the  more 
recent  of  the  two,  and  must  have  had  its  materials 

in  a  state  of  activity,  when  those  of  the  other  were 
inert.  Sometimes,  also,  at  the  intersection  of  two 
veins,  we  may  trace  the  current  of  the  materials  of  fl 
the  one,  across  those  of  the  other ;  and  here,  of 
consequence,  the  relative  antiquity  is  determined 
just  as  in  the  former  instance- 

59.  The  want  of  any  appearance  of  stratification 
in  mineral  veins  has  already  been  taken  notice  of. 


There  is,  however,  to  be  observed,  in  many  in- 
stances, a  tendency  to  a  regular  arrangement  of 
the  substances  contained  in  them ;  those  of  the 
nme  kind  foraiing  coats  parallel  to  the  sides  of  the 
?ein,  and  nearly  of  an  equal  thickness*  This  phe- 
nomenon is  considered  as  one  of  the  strongest  ar- 
guments in  favour  of  the  Neptunian  system,  but 
has  nothing  in  it,  in  the  least  iocompatible  with 
that  theory  which  ascribes  the  formation  of  veins  to 
the  action  of  subterraneous  heat.  Wlicn  melted 
matter  from  the  mineral  regions  was  thrown  np  in- 
to the  veins,  that  which  w^as  nearest  to  the  sides 
would  soonest  lose  its  heat.  The  similar  sub- 
stances* also,  would  unite  while  this  process  was 
going  forward,  and  would  crystallize,  as  in  other 
uses  of  congelation,  from  the  sides  toward  the  in- 
terior. There  is  the  more  reason  for  supposing 
this  to  have  been  the  case,  that  the  same  sort  of 
coating  is  often  observed  on  the  inside  of  close  ca- 
vities, which  are,  nevertheless,  so  constructed,  as  to 
afford  a  demonstration  that  no  chemical  solvent 
was  ever  included  in  them,  (§  7'1'0  Some  veins,  it 
muyt  also  be  considered,  may  have  been  filled  by 
guccessive  injections  of  melted  matter,  and  this 
would  naturally  give  rise  to  a  variety  of  sej>arate  in- 
crustations, * 
60-  In  the  view  now  given  of  metallic  veins, 
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they  have  been  considered  as  traverang  only  the 
stratified  parts  of  the  globe.  They  do,  howevi^, 
occasionally  intersect  the  unstratified  parts,  particu- 
larly the  granite,  the  same  vein  often  continuing  its 
course  across  rocks  of  both  kinds,  without  suffering 
any  material  change ;  and,  if  we  have  hitherto  paid 
no  attention  to  this  circumstance,  it  is  because  the 
order  pursued  in  this  essay  required,  that  tlie  rda- 
tion  of  the  veins  to  stratified  bodies  should  be  first 
treated  of.  Besides,  the  facts  in  the  natural  history 
of  veins,  whether  contained  in  stratified  or  unstra- 
tified rocks,  are  so  nearly  alike,  that  in  a  general 
view  of  geol(^,  they  do  not  require  to  be  dis- 
tinguished. It  is  material  to  remark,  that,  though 
metallic  veins  are  found  indiscriminately  in  all  the 
different  kinds  of  rodL,  whether  stratified  or  other- 
wise, they  are  most  abundant  in  the  class  of  pri- 
mary schisti.  All  the  countries  most  remarkable 
for  their  mines,  and  the  mountains  distinguished  by 
the  name  of  metalliferous,  are  primary,  and  the  in- 
stance of  Derbyshire  is  perhaps  the  most  consider- 
able exception  to  this  rule  that  is  known.  This 
preference,-which  the  metals  appear  to  give  to  the 
primary  strata,  is  very  consistent  with  Dr  Hutton^i 
theory,  which  represents  the  rocks  of  that  order  as 
being  most  changed  from  their  original  position, 
and  those  on  which  the  ^disturbing  forces  of  the 
subtentmeous  regions  have  acted  most  frequently, 
and  with  greatest  energy.    The  primary  strata  are 
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tie  lowest,  also,  and  have  the  most  direct  cenimu- 
oiotion  with  those  regions  from  which  the  mineral 
Feins  derive  all  their  riches* 


«.  Of  Whimtone. 

61.  Beside  the  veins  filled  with  spar,  and  con- 
taining the  metallic  ores,  the  strata  are  intersected 
by  veins  of  whinstone,  porphyry,  and  granite,  the 
characters  of  which  are  next  to  be  examined- 

The  term  uhin^  or  whinsione,  with  Dr  Hut- 
ton,  like  the  word  trap^  with  the  German  minera- 
IcgistSv  denotes  a  class  of  stones,  comprehending 
several  distinct  species,  or  at  least  varieties.  The 
common  basalt^  the  wacken^  muUen^  and  crag  of 
Kirwan,  the  grunstein  of  Werner,  and  the  amygda- 
hidf  are  comprehended  under  the  name  of  whin. 
Ail  these  stones  have  a  tendency  to  a  spathose 
stmcture,  and  discover  at  least  the  rudiments  of 
crystallisation.  They  are,  at  the  same  time,  with- 
oatauy  mark  of  stratification  in  their  internal  tex- 
tttie,  ag  they  are  also,  for  the  most  part,  in  their 
outward  configuration  j  and,  as  the  different  species 
liere  enumerated  compose,  not  unfrequently,  parts 
of  the  same  continuous  rock,  the  change  from  one 
to  another  being  made  through  a  series  of  insensi- 
ble gi'adations,  they  may  safely  be  regarded  by  the 
geologist  as  belonging  to  the  same  genus. 

TOL*  I.  F 
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6^2*  Whin,  though  not  stratilied,  exists  in  two 
different  ways,  that  is,  either  in  veins,  (caUed  in 
Scotland  dji/kes,)  traversing  the  strata  tike  the  veins 
already  descnbed,  or  in  irregular  masses,  incumbent 
on  the  strata,  and  soinetimes  interposed  between 
them.  In  both  these  foniis,  whinstone  has  neai'ly 
the  same  characters,  and  bears,  in  all  its  varieties, 
a  most  striking  resemblance  to  the  lavas  which  have 
actually  flowed  from  volcanoes  on  the  surface  of  the 
earth.  This  resemblance  is  so  great,  that  the  two 
substances  have  been  often  mistaken  for  one  ano- 
ther ;  and  many  rocks,  which  have  been  pronounced 
to  be  the  remains  of  extinguished  volcanoes,  by  mi- 
neralogists of  no  inconsiderable  name,  have  been 
found,  on  closer  examination,  to  be  nothing  else 
than  masses  or  veins  of  whinstone.  This  latter  stone 
is  indeed  only  to  be  distinguished  from  the  former, 
by  a  careful  examination  of  the  internal  characters 
of  both ;  and  chiefly  from  this  circumstance,  that 
whinstone  often  contains  calcareous  spar  and  zeolite, 
whereas  neither  of  these  substances  is  found  in 
such  lavas,  as  are  certainly  known  to  have  been 
throw^n  out  by  volcanic  explosions. 

Now,  from  these  ciixumstances  of  affinity  be- 
tween lava  and  whinstone,  on  the  one  hand,  and  of 
diversity  on  the  other,  as  the  formation  of  the  one 
is  known,  it  should  seem  that  some  probable  conclu- 
sion may  be  dra%vn  concerning  the  ibrniation  of  the 
other.     The  atlinity  in  question  is  constant  and  et 
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sential ;  the  difference  variable  and  accidental  j  and 
this  naturally  leads  to  suspect,  that  the  two  stones 
have  the  same  origin ;  and  that,  as  lava  is  certainly 
I  production  of  fire,  so  probably  is  whinstone. 

63.  But,  in  order  to  see  whether  this  hypothesis 
will  explain  the  diversity  of  the  two  substances, 
mthout  which  it  will  not  be  entitled  to  ranch  at- 
tention,  we  must  reniaik,  that  the  presence  of  car- 
bonate of  lime  in  a  body  that  has  been  fused,  ai*gues, 
agreeably  to  the  principles  formerly  explained,  that 
the  fusion  was  brought  about  under  a  great  com- 
pressing force,  that  is  to  say,  deep  in  the  bowels  of 
the  earth,  or  in  the  great  laboratory  of  the  mineral 
re^ons«  We  are,  therefore,  to  suppose  that  the 
fiisian  of  the  whin  was  performed  in  those  re- 
gions, where  tlie  compression  was  sufficient  to  pre- 
serve the  cai'bonic  gas  in  union  with  the  calcareous 
earth,  so  that  these  two  substances  melted  together, 
and,  on  cooling,  crystallized  into  span  In  the 
livag,  again,  thrown  out  by  volcanic  eruption,  the 
fusion,  as  we  know,  wherever  it  may  begin,  con- 
tinaes  in  the  open  air,  where  the  pressure  is  only 
that  of  the  atmosphere  :  the  calcareous  earth,  which, 
therefore*  may  have  been,  in  the  form  of  a  carbonate, 
among  the  materials  of  this  lava,  must  be  converted 
into  quicklime,  and  become  infusible  ;  hence  the 
ivant  of  calcareous  spar  in  lavas  that  have  flowed  at 
the  surface. 

Thus,  whinstone  is  to  be  accounted  a  subterra- 
neoi^  or  ufi'etupled  lava  j  and  our  theory  has  the 
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advantage  of  explaining  both  the  affinity  and  the 
difference  between  these  stony  bodies,  without  the 
introduction  of  any  new  hypothesis.  In  the  Nep- 
tonian  system,  the  affinity  of  whins  tone  and  lava  is 
a  paradox  which  admits  of  no  solution. 

64,  The  columnar  structure  sometloies  found  in 
that  species  of  whinstone  called  basaltes,  is  a  fact 
which  has  given  rise  to  much  discussion  ;  and  it 
must  be  confessed,  that  though  one  of  the  most 
striking  and  peculiar  characters  of  this  fossil^  it  is 
not  that  which  gives  the  clearest  and  most  direct 
information  concerning  its  origin.  One  circum- 
stance, however,  very  much  in  favour  of  the  opi- 
nion that  basaltic  rocks  owe  their  foimation  to  fire, 
is,  that  the  columnar  form  is  sometimes  assumed  by 
the  lava  actually  erupted  from  volcanoes.  Now%  it 
is  certainly  of  no  small  importance,  to  have  the 
synthetic  argument  on  our  side,  and  to  know,  that 
basaltic  columns  can  be  produced  by  fire  j  though, 
no  doubt,  to  give  absolute  certainty  to  our  conclu- 
sion, it  would  be  necessary  to  show,  that  there  are 
in  nature  no  other  means  but  this  by  which  these  co* 
lumns  can  be  formed.  This  sort  of  evidence  is  hard- 
ly to  be  looked  for  ;  but  since  the  pow  er  of  fusion, 
to  produce  the  phenomena  in  question,  is  perfectly 
established,  and  since  the  production  of  the  same 
phenomena  in  the  humid  way  is  a  mere  hypothesis, 
if  there  be  the  least  reason  to  suspect  the  action  of 
subterraneous  lieat  as  one  of  the  causes  of  minera- 
lization, every  maxim  of  sound  philosophy  requires 
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that  the  basaltic  structure,  in  all  cases,  should  be 
ascribed  to  it. 

65,  The  Neptunists  will  no  doubt  allege,  with 
Bergman,  that,  in  the  drying  of  starch,  clay,  and  a 
few  other  substances,  something  analogous  to  ba- 
1  saltic  columns  is  produced.  Here,  however,  a  most 
important  difference  is  to  be  remarked,  correspond- 
ing very  exactly  to  one  of  the  charactens  which  we 
have  all  along  observed  to  distinguish  the  products 
of  aqueous,  from  those  of  igneous  consolidation. 
The  columns  formed  by  the  substances  just  men- 
tioned, are  distant  from  one  another  :  they  are  se- 
parated by  fissures  which  widen  from  the  bottom  to 
the  top,  and  which  arise  from  the  shrinking  and 
drying  of  the  mass.  In  the  basaltic  columns,  no 
such  openings,  nor  vacuity  of  any  kind  is  found  ; 
the  pillars  are  in  contact,  and,  though  perfectly  dis- 
tinct, are  so  close,  that  the  sharp  edge  of  a  wedge 
can  hardly  be  introduced  between  them.  This  is  a 
great  peculiarity  in  the  basaltic  structure,  and  is 
strongly  expressive  of  this  fact,  that  the  mass  was 
all  fluid  together,  and  that  its  parts  took  their  new 
arrangement,  not  in  consequence  of  the  separation 
of  a  duid  from  a  solid  part,  by  which  great  shrink- 
ing and  much  empty  space  might  be  produced  ; 
but  in  consequence  of  a  cause  which,  like  refrigera- 
tion, acted  equally  on  all  the  parts  of  the  mass,  and 
preserved  their  absolute  contact  after  their  fluidity 
had  ceased. 
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CG-  A  mark  of  fusion,  or  at  least  of  the  opera- 
tion of  heat,  which  wliinstoue  possesses  in  common 
with  many  other  minerals,  in  its  being  penetrated 
by  pyiites,  a  substimce,  as  has  been  already  remark- 
ed, that  is  of  all  others  most  exclusively  the  pro- 
duction of  fire.  Another  mark  of  fusion,  more 
distinctive  of  whin,  is,  that  both  in  veins  and  in 
masses  it  sometimes  inchides  pieces  of  sandstone, 
or  of  the  other  contiguous  strata,  completely  insu- 
lated, and  having  the  appearance  of  fragments  of 
rock,  floating  in  a  fluid  sufficiently  dense  and  pon- 
derous to  sustain  their  weight.  Though  these 
fragments  have  been  too  refractoiy  to  be  reduced 
into  fusion  themselves,  they  have  not  remained  en- 
tirely unchanged,  but  are,  in  general,  extremely 
indurated,  in  comparison  of  the  rock  from  which 
they  appear  to  have  been  detached. 

67*  Sinjilar  instance's  of  extraordinary  indura- 
tion are  observed  in  the  parts  of  the  strata  in  con- 
tact with  whinstone,  whether  they  form  the  sides 
of  the  veins,  or  the  floors,  and  roofs  of  the  masses 
into  which  the  whinstone  is  distributed.  The  strata 
whether  sandy  or  argillaceous,  in  such  situations, 
ai*e  usually  extremely  hard  and  consolidated  ;  the 
former  in  particular  lose  their  granulated  texture, 
and  are  sometimes  converted  into  peifcct  jasper. 
This  interesting  remark  was  first  made  by  Dr  Hut- 
ton,  and  the  truth  of  it  has  been  verified  by  a  great 
number  of  subsequent  observations. 
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68.  To  the  same  excellent  geologi&t  wc  are  io- 
(iebted  for  the  knowledge  of  an  analogous  fact,  at- 
tendant ou  the  passage  of  whinstone  veins  through 
coal  strata.  As  the  beds  of  stone  where  they  are 
in  contact  with  veins  of  whin,  seem  to  acquire  ad- 
ditional induration,  so  those  of  coal,  in  like  circum- 
jitances,  are  frequently  found  to  have  lost  their  fu- 
sibility,  and  to  be  reduced  nearly  to  the  condition 
of  coke,  or  of  charcoal.  The  existence  of  coal  of 
diis  kind  has  been  already  mentioned,  and  consi- 
dered as  a  proof  of  the  operation  of  subterraneous 
heat.  In  the  instances  liere  referred  to,  that  is, 
where  the  charring  of  the  coal  is  limited  to  those 
parts  of  the  strata  wliich  are  in  contact  with  the 
whiDy  or  in  its  immediate  vicinity,  the  heat  is 
pointed  out  as  residing  in  the  vein  ;  and  this  is  to 
be  accounted  for  only  on  the  supposition  uf  the 
melted  whin,  at  a  period  subsequent  to  the  consoli- 
dation of  the  coal,  having  flowed  through  the  open- 
ings of  the  strata.  The  heat  has  been  powerful 
enough,  in  many  cases,  to  drive  off  the  bituminous 
matter  of  the  coal,  and  to  force  it  into  colder  and 
more  distant  parts.  Few  facts,  in  the  history  of 
fo8sil3»  are  more  remarkable  than  this^  and  none 
more  directly  assimilates  the  operations  of  the  mi- 
neral regions,  with  those  that  take  place  at  the  sur- 
face of  the  earth* 

69.  Again,  the  disturbance  of  the  strata,  wher- 
ever veins  of  whinstone  abound,  if  not  a  direct 
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proof  of  the  original  fluidity  of  the  whinstone>  is  a 
clear  indication  of  the  violence  with  which  it  was 
introduced  into  its  place.  This  disturbance  of  the 
position  of  the  strata,  by  shifting,  unusual  eleva- 
tion, and  other  irregularities,  where  they  are  inter- 
sected by  whinstone  veins,  is  a  fact  so  well  known 
to  miners,  that  when  they  meet  with  any  sudden 
change  in  the  lying  of  the  meials^  they  are  wont  to 
foretell  their  approach  to  masses,  or  veins  of  unstra- 
tiiied  matter ;  and,  in  their  figurative  language, 
point  them  out  as  the  causes  of  the  confusion  with 
which  they  are  so  generally  accompanied,  *  The 
mineral  veins  likewise,  as  well  as  the  strata,  are  of- 
ten heaved  and  shifted  by  the  veins  of  whinstone. 
70.  Wlxinstone  of  every  species  is  found  fre- 
quently interposed  in  tabular  masses,  between  beds 
of  stratified  rocks  ;  and  it  then  adds  to  the  indica- 
tions of  its  igneous  origin,  already  enumerated,  some 
others  that  are  peculiar  to  it  when  in  this  situation. 
In  such  instances,  it  is  not  uncommon  to  find  the 
strata  in  some  places,  contiguous  to  the  whin,  ele- 
vated, and  bent  with  their  concavity  upward,  so 
that  they  appear  clearly  to  have  been  acted  on  by  a 
force  that  proceeded  from  below,  at  the  same  time 
that  they  were  softened,  and  rendered  in  some  de- 
gree flexible  ;  it  is  needless  to  remark,  that  these 

*  A  Trotthh  is  the  name  i^hich  the  collier*  in  tl>i»  coun- 
try give  to  a  vein  of  whjnstotie. 


effects  can  be  explained  by  nothing  but  the  fusion 
of  the  whin  ;  and  that  the  great  force  with  which 
it  was  impelled  against  the  strata,  could  be  pro- 
duced by  no  cause  but  heat,  acting  in  the  manner 
that  is  here  supposed. 

71.  Again,  if  it  be  true  that  the  masses  of  whin, 
thus  interposed  among  the  strata,  were  introduced 
there,  after  the  formation  of  the  latter,  we  might 
expect  to  find,  at  least  in  many  in^^ances,  that  the 
beds  on  w^hich  the  whinstone  rests,  and  those  by 
which  it  is  covered,  are  exactly  alike.  If  these 
beds  were  once  contiguous,  and  have  been  only 
heaved  up  and  separated  by  the  irruption  of  a  fluid 
mass  of  subterraneous  lava,  their  identity  should 
still  be  recognised.  Now,  this  is  precisely  what  is 
observed  ;  it  is  known  to  hold  in  a  vast  number  of 
instances,  and  is  strikingly  exemplified  in  the  rock 
^Salisbury  Crag^  near  Edinburgh. 

This  similarity  of  the  strata  that  cover  the  masses 
af  whinstone,  to  those  that  sei^e  as  the  base  on 
which  they  rest,  and  again  the  dissimilitude  of  both 
to  the  interposed  mass,  are  facts  which  I  think  can 
hardly  receive  any  explanation,  on  the  principles  of 
the  Neptunian  theory.  If  these  rocks,  both  strati- 
fied and  unstratified,  are  to  be  regarded  as  produc- 
tions of  the  sea,  the  circumstances  would  require  to 
be  pointed  out,  which  have  determined  the  whin- 
stone, and  the  beds  that  are  all  round  it,  to  be  so 
eitremely  unlike  in  their  structure,  though  formed 
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at  the  same  time,  and  in  the  imniediate  vicinity  of 
one  another ;  as  also  those  circumstances,  on  the 
other  hand,  which  determined  the  stratified  depo- 
sits above  and  below  the  whinstone,  to  be  precise- 
ly the  simie,  though  the  times  of  their  formation 
must  have  been  very  diffei^nt*  The  homogeneous 
substances,  thus,  placed  at  a  distance,  and  the  he- 
terogeneous brought  so  closely  together,  are  phe- 
nomena equally  unaccountable,  in  a  tlieory  that  as- 
cribes their  origin  to  the  operation  of  the  same  ele- 
ment, and  that  necessarily  dates  their  formation 
according  to  the  order  in  which  they  He,  one  above 
another, 

72,  If,  indeed,  in  these  instances,  the  gradation 
were  insensible,  as  some  have  asserted  it  to  be,  be- 
tween the  strata  and  the  interposed  mass,  so  that 
it  was  impossible  to  point  out  the  line  where  the 
one  ended  and  the  other  began,  whatever  difficul- 
ties we  might  perceive  in  the  Neptunian  theoiy, 
we  should  find  it  hard  to  substitute  a  better  in  its 
room.  But  the  truth  seems  to  be,  that,  in  the 
cases  we  are  now  treating  of,  no  such  gradation  ex- 
ists ;  and  that,  though  where  the  two  kinds  of  rock 
come  into  contact  a  change  is  often  observed,  by 
the  strata  having  acquired  an  additional  degree  of 
induration,  yet  the  line  of  separation  is  well  defin- 
ed, and  can  he  precisely  ascertained.  This  at  least 
is  certa.in,  that  innumerable  specunens,  exhibiting 

such  lines  of  separation,  are  to  be  met  with ;  and 

12 
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wherever  care  has  been  tiiken  to  obtain  a  fresh 
fracture  of  the  stone,  and  to  remove  the  effects  of 
accidental  causes,  even  where  the  t^vo  rocks  are 
most  firmly  united,  and  most  closely  assimilated,  I 
am  persuaded  that  no  uncertainty  has  ever  remain* 
ed  as  to  the  line  of  their  separation-  For  these 
reasons,  it  seems  probable  that  the  gradual  transi- 
tion of  basaUes  into  the  adjoining  strata,  is  in  all 
cases  imaginary,  and  is,  in  truth,  a  mere  illusion, 
proceeding  from  hasty  and  inaccurate  observation • 

73.  Another  remarkable  fact  in  the  natural  his- 
tory of  the  whinstone  rocks,  remains  yet  to  be 
mentioned,  and  witli  it  I  shall  conclude  the  argu- 
mentt  as  far  as  these  rocks  are  concerned. 

Some  of  the  species  of  whinstone  are  the  com- 
mon matrices  of  agates  and  chalcedonies,  which  lie 
inclosed  in  them  in  the  form  of  round  nodules* 
The  origuaal  rtuidity  of  these  nodules  is  evinced  by 
their  figured,  and  sometimes  crystallized  structure, 
and  indeed  is  so  generally  admitted,  that  the  only 
question  concerning  them  is,  whether  this  fluidity 
was  the  effect  of  heat  or  of  solution.  To  answer  this 
question,  Dr  Hutton  observes,  that  the  formation 
of  the  concentric  coats,  of  which  the  agate  is  usual- 
ly composed,  has  evidently  proceeded  from  the  cir- 
cumference toward  the  centre,  the  exterior  coats  al- 
ways impressing  the  interior,  but  never  the  reverse* 
The  same  thing  also  follows  from  this  other  fact, 
that  when  there  is  any  vacuity  within  the  agate,  it 
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Js  usually  at  the  centre,  and  there  too  are  found  the 
regular  crystals,  when  any  such  have  been  formed, 
It  therefore  appears  certain,  that  the  progress  of 
consolidation  has  been  from  the  circumference  in- 
wards, and  that  the  outward  coats  of  the  agate  were 
the  first  to  acquire  solidity  and  hardness. 

74,  Now,  it  most  be  considered  that  these  coats 
are  highly  consolidated  ;  that  they  are  of  very  pure 
siliceous  matter,  and  are  utterly  impennous  to  every 
substance  which  we  know  of,  except  light  and  heat. 
It  is  plain,  therefore,  that  whatever  at  any  time, 
during  the  progress  of  consolidation,  was  contained 
within  the  coats  already  formed,  must  have  remain- 
ed there  as  long  as  the  agate  was  entire,  without 
the  least  possibility  of  escape.  But  nothing  is  found 
within  the  coats  of  the  agate  save  its  own  substance  j 
therefore,  no  extraneous  substance,  that  is  to  say 
no  solvent,  was  ever  included  within  tlieni.  The 
fluidity  of  the  agate  was  therefore  simple,  and  un- 
assisted by  any  menstruum. 

In  this  argument,  nothing  appears  to  me  want- 
ing, that  is  necessary  to  the  perfection  of  a  physical, 
I  had  almost  said  of  a  mathematical,  demonstration. 
It  seems,  indeed,  to  be  impossible  that  the  igneous 
origin  of  fossils  could  be  recorded  in  plainer  lan- 
guage, than  by  the  phenomenon  which  has  just 
been  described. 

75,  The  examination  of  particular  specimens  of 
agates  and  chalcedonies,  affords  many  more  argu- 
10 
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ments  of  the  same  kind,  which  Dr  Hutton  used 
to  deduce  with  an  acuteness  and  vivacity,  which 
his  friends  have  often  listened  to  with  great  admira- 
tion and  delight.  •  These,  however,  raust  be  pass- 
ed over  at  present ;  and  I  have  only  further  to  re- 
mark, that  a  series  of  the  most  interesting  experi- 
ments, instituted  by  Sir  James  Hall,  and  published 
m  the  Transactions  of  the  Royal  Society  of  Edin- 
burgh, f  has  removed  the  only  remaining  objection 
that  could  be  urged  against  the  igneous  origin  of 
whinstone.  This  objection  is  founded  on  the  com- 
mon observation,  that  when  a  piece  of  whinstone  or 
basaltes  is  actually  melted  in  a  crucible,  on  cooling, 
it  becomes  glass,  and  loses  its  original  character  en* 
tirely  ;  and  from  thence  it  was  conckided,  that  this 
character  had  not  been  originally  produced  by  fu- 
mn.  The  experiments  above  mentioned,  however, 
have  shown,  in  the  most  satisfactory  manner,  that 
melted  whin,  by  regulated  or  by  slow  cooling,  is 
prevented  from  assuming  the  appearance  of  glass, 
and  becomes  a  stony  substance,  hardly  to  be  distin^ 
guished  from  whinstone  or  lava. 

The  experiments  of  another  ingenious  chemist, 
Dr  Kennedy,  have  shown,  that  whinstone  contains 
mineral  alkali,  by  which,  of  course,  its  fusion  must 
have  been  assisted,  t     Dr  Hutton  used  to  ascribe 


•  Note  kiv.  f  Vol,  V.  p,  43. 

X  Trans*  R,  S,  Edin,  Vol.  V.p/85t 
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its  fusibility,  in  a  great  measure  at  least,  to  the 
quantity  of  iron  coutained  in  it ;  both  these  causes 
have  no  doubt  united  to  render  it  more  easily  melt- 
ed than  the  ordinary  materials  of  the  strata, 

76.  In  a  word,  therefore,  to  conceive  aright  the 
origin  of  that  class  of  unstratified  rocks,  distinguish- 
ed by  the  name  of  wlnustoue,  we  must  suppose, 
that  long  after  the  consolidation  of  the  strata,  and 
during  the  time  of  their  elevation,  the  materials  of 
the  former  were  melted  by  the  force  of  subterrane- 
ous heat,  and  injected  among  the  rents  and  fissures 
of  the  rocks  aheady  formed.  In  this  manner  were 
produced  the  veins  or  dikes  of  whinstone ;  and, 
where  circumstances  allowed  the  stream  of  melted 
matter  to  diftliae  itself  more  widely,  tabular  masses 
were  formed,  which  were  afterwards  raised  up,  to- 
gether with  the  surrounding  strata,  above  the  level 
of  the  sea,  and  have  been  since  laid  open  by  the 
operation  of  those  causes  that  continually  change 
and  waste  the  surface  of  the  land* 

These  unstratified  rocks  are  not,  however,  all  the 
work  of  the  same  period  ;  they  differ  evidently  in 
the  date  of  their  formation,  and  it  is  not  unusual, 
to  find  tabular  masses  of  one  species  of  whin,  inter- 
sected by  veins  of  another  species.  Indeed,  of  all 
the  fossil  bodies  which  compose  the  present  land, 
the  veins  of  whin  appear  to  be  the  most  recently 
consolidated.  * 


Porphyry  may  so  properly  be  regarded  as  a  va- 
riety of  whin,  distinguished  only  by  involving  crys- 
tallized feldspar,  thatj  in  a  geological  sketch  like  the 
present,  it  is  hardly  entitled  to  a  separate  article- 
Like  the  other  kinds  of  whin,  it  exists  both  in  veins 
and  in  tabular  masses,  having,  no  doubt,  an  origin 
similar  to  that  which  has  just  been  described-  Por- 
phyry, however,  has  the  |>eculiarity  of  being  rarely 
faund  in  any  but  the  primary  strata  ;  it  seems  to  be 
the  whinstone  of  the  old  world,  or  at  least  that 
which  is  of  the  highest  antiquity  in  the  present.  It 
aowhere,  1  believe,  assumes  a  columnar,  or  basaltic 
appearance,  of  any  regularity  ;  but  this  is  also  true 
of  many  other  varieties  of  whin,  of  all,  indeed,  ex- 
cept the  most  compact  and  homogeneous*  These 
differences  are  not  so  considerable  as  to  require  our 
entering  into  any  particular  detail  concerning  the 
natural  history  of  this  fossil* 


I 


3.  Granite. 


77*  Tl^^  term  Granite  is  used  by  Dr  Hutton  to 
signify  an  aggregate  stone,  in  which  quartz,  feld- 
ipar,  and  mica  are  found  distinct  from  one  another, 
aod  not  disposed  in  layers.  The  addition  of  horn- 
blende, schorl,  or  garner,  to  the  three  ingredients 
just  mentioned,  is  not  understood  to  alter  the  genus 
of  the  stone,  but  only  to  constitute  a  speciHc  differ- 
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eiice,  which  it  is  the  business  of  lithology  to  mark  by 
some  appropriate  character,  annexed  to  the  generic 
name  of  granite. 

Tlie  fossil  now  defined  exists*  like  wbinstone  and 
porphyry,  both  in  masses  and  in  veins,  though  most 
frequently  in  the  former.     It  is  like  them  unstra* 
tified  in  its  texture,  and  is  regarded  here,  as  being 
also  unstratified  in  its  outward  structure.  *     One 
ingredient  which  is  essential  to  granite,  namely^^J 
quartz,  is  not  contained  in  whinstone  ;  and  this^" 
circumstance  serves  to  distinguish   these  genera 
from  one  another,  though,  in  other  respects,  they 
seem  to  be  united  by  a  chain  of  insensible  grada^jfl 
tions,  from  the  most  homogeneous  basaltes,  to  gra- 
nite the  most  highly  crystallized- 


*  Those  rocks  tbat  consise  of  the  tngrc^dients  here  ena< 
meratcili  if  they  have  at  the  tame  time  a  Bchistose  textun 
or  a  disposition  into  layers,  are  properly  distinguished  rrom 
granite^  and  called  Gneiss^  or  Granitic  Schistus.  But  it  has 
been  c|nestLoned  whether  a  istone  does  not  exist  composed  of 
these  ingredients,  and  destitute  of  a  schistose  texture,  but 
yet  divided  into  large  beds,  vI§ibJe  in  its  external  form.  Dr 
Hutton  supposes  such  a  Btone  not  to  exists  or  at  least  not  to 
constitute  any  Buch  proportion  of  the  mineral  kingdom,  as  to 
entitle  it  to  particular  coDsideration^  in  the  genecal  specula* 
lions  of  geology. 

Whether  this  supposition  is  perfectly  correct,  may  require 
to  be  farther  considered :  this,  however,  is  certain,  that  ^ 
rocki  in  all  respects  conformable  to  ic»  composes  a  great  pro- 
portion of  what  are  usually  called  the  granite  mountaiaij^ 
iSce  Note  icy. 
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78*  Granite,  it  has  been  just  said,  exisrts  most 
commonly  in  masses  j  and  these  masses  are  rarely, 
if  ever,  incumbent  on  any  other  rock  :  they  are  the 
basis  on  which  others  rest,  and  seem,  for  the  most 
part,  to  rise  up  from  under  tbe  ancient,  or  primary 
strata*      The   granite,   therefore,    wherever  it   is 
found,  is  inferior  to  every  other  rock ;  and  as  it  al- 
so composes  many  of  the  greatest  mountains,  it  has 
the  peculiarity  of  being  elevated  the  highest  into 
the  atmosphere,  and  sunk  the  deepest  under  the 
surface,  of  all  the  mineral  substances  with  which 
we  are  acquainted. 

Notwithstanding  the  circumstance  of  not  being 
alternated  with  stratitied  bodies,  which  constitutes 
s  remarkable  difference  between  granite  and  whin- 
stone,  the  affinity  of  these  fossils  is  such  as  to  make 
the  similarity  of  their  origin  by  no  means  improba- 
ble. Accordingly,  in  Ur  Mutton's  theorj^  granite 
is  regarded  as  a  stone  of  more  recent  formation  than 
the  strata  incumbent  on  it ;  as  a  substance  which 
has  been  melted  by  heat,  and  which,  when  forced 
up  from  the  mineral  regions,  has  elevated  the  strata 
at  the  same  time, 

79-  That  granite  has  undergone  a  change  from 
a  fluid  to  a  solid  state,  is  evinced  from  the  crystal- 
lized structme  in  which  some  of  its  component  parts 
are  usually  found.     This  crystallization  is  particu- 
larly to  be  remarked  of  the  feldspar,  and  also  of  the 
vou  I-  G 
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schorI»  where  there  is  any  admixture  of  that  sub- 
stance,  whether  in  slender  spiculae,  or   in  larger 
masses.     The  quartz  itself  is  in  some  cases  crystal- 
lized, and  is  so,  perhaps,  more  frequently  than  is 
generally  supposed.     The  fluidity  of  granite,  in 
some  former  period  of  its  existence,  is  so  evident 
from  this,  as  to  make  it  appear  singular  that  tt 
should  ever  have  been  considered  as  a  fossil  that 
had  remained  always  the  same,  and  one^  into  the 
origin  of  which  it  was  needless  to  inquire.     If  the 
regular  forms  of  crystallization  arc  not  to  be  receiv- 
ed as  proofs  of  the  substance  to  which  they  belong 
having  passed  from  a  fluid  to  a  solid  state,  neither 
are  the  figures  of  shells  and  of  other  supposed  petri- 
factions, to  be  taken  as  indications  of  a  passage  from 
the  animal  to  the  mineral  kingdom  ;  so  that  there 
is  an  end  of  all  geological  theories,  and  of  all  rea- 
sonings concerning  the  ancient  condition  of  the 
globe.     To  an  argument  which  strikes  equally  at 
the  root  of  all  theories,  it  belongs  not  to  this,  in  par- 
ticular, to  make  any  reply. 

80,  We  shall,  therefore,  consida-  it  as  admitted, 
that  the  materials  of  the  granite  were  originally 
fluid ;  and,  in  addition  to  this,  we  think  it  can  ea- 
iily  be  proved,  that  this  fluidity  was  not  that  of  the 
elements  taken  separately,  but  of  the  entire  mass. 
ITiis  last  conclusion  follows,  from  the  structure  of 
diose  specimens^  where  one  of  the  substances  is  im- 
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by  the  farms  which  are  pecuh'ar  to  another. 
Thus,  in  the  Portsoy  granite,  -  which  Dr  Hutton 
hM  so  minutely  described,  the  quartz  is  impressed 
by  the  rhomboidal  crystals  of  the  feldspar,  and  the 
stone  thus  formed  is  compact  and  highly  consoli- 
dated* Hence»  this  granite  is  not  a  congeries  of 
porta,  which,  after  being  separately  formed,  were 
somehow  brought  together  and  agghitinated  ;  but 
it  is  certain  that  the  quartz,  at  least,  was  fluid  when 
it  was  moulded  on  the  feldspar.  In  other  gra- 
nites, the  impressions  of  the  substances  on  one 
another  are  observed  in  a  different  order,  and  the 
(juartz  gives  its  form  to  the  feldspar.  Tliis,  how- 
ever, id  more  unusual  ;  the  quartz  is  commonly  the 
substance  which  has  received  the  impressions  of  all 
the  rest ;  and  the  spicule?  of  scliorl  often  shoot  both 
across  it  and  the  feldspar. 

The  ingredients  of  granite  were  therefore  fluid 
when  mixed,  or  at  least  when  in  contact  with  one 
mother.  Now,  this  fluidity  was  not  the  eftect  of 
solution  in  a  menstruum  ;  for,  in  that  case,  one 
kind  of  crystal  ought  not  to  impress  another,  but 
each  of  them  should  have  its  own  peculiar  shape. 

81.  The  perfect  consolidation  of  many  granites, 
furnishes  an  argument  to  the  same  efiect.  For, 
•greeably  to  what  was  already  observed,  in  treating 
of  tlie  strata,  a  substanccj  when  crystallizing,  or 
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passing  from  a  rtwid  to  a  solid  state,  cannot  be  free 
from  porosity,  much  less  fill  up  completely  a  space 
of  a  given  form,  if,  at  the  same  time,  any  solvent  is 
separated  from  it ;  because  the  solvent  so  separated 
would  still  occupy  a  certain  space,  and,  when  re- 
moved by  evaporation  or  otherwise,  would  leave 
that  space  empty.  The  perfect  adjustment,  there- 
fore, of  the  shape  of  one  set  of  crystallizing  bodies, 
to  the  shape  of  another  set,  as  in  the  Portsoy  gra- 
nite, and  their  consolidation  into  one  mass,  is  as 
strong  a  proof  as  could  be  desired,  that  they  crys- 
tallized from  a  state  of  simple  fluidity,  such  as,  of 
all  known  causes,  heat  alone  is  able  to  produce, 

82,  This  conclusion,  however,  does  not  rest  on 
a  single  class  of  facts.  It  has  been  observed  in 
many  instances,  that  where  granite  and  stratified 
rocks,  such  as  primary  schistus,  are  in  contact,  the 
latter  are  penetrated  by  veins  of  the  former,  which 
traverse  them  in  various  directions.  These  veins 
are  of  different  dimensions,  some  being  of  the 
breadth  of  several  yards,  others  of  a  few  inches,  or 
even  tenths  of  iin  inch  ;  they  diminish  as  they  re- 
cede from  the  main  body  of  the  granite,  to  which 
they  are  always  fimdy  united,  constituting,  indeed, 
a  part  of  the  same  continued  rock. 

These  phenomena,  which  were  first  distinctly  ob- 
served by  Dr  Hutton,  are  of  great  importance  in 
geology,  and  afford  a  clear  solution  of  the  two  chief 
questions  concerning  the  relation  between  granite 
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As  every  vein  must  be  of  a  date  pos- 
terior to  the  body  in  which  it  is  contained,  it  fol- 
lows, that  the  schistus  was  not  super-imposed  oo  the 
granite,  after  the  formation  of  this  last.  If  it  be 
ajpied,  that  these  veins,  though  posterior  to  the 
schistic  ai'e  also  posterior  to  the  granite,  and  were 
formed  by  the  infiltration  of  water  in  which  the 
granite  was  dissolved  or  suspended  ;  it  may  be  re- 
plied, Imo,  That  the  power  of  water  to  dissolve 
granite,  is  a  postulatum  of  the  same  kind  that  we 
have  so  often,  and  for  such  good  reason,  refused  to 
concede  ;  and,  Qdo,  That  in  many  instances  the 
veins  proceed  from  the  main  body  of  the  granite  up- 
wards into  the  schistus  ;  so  that  they  are  in  planes 
much  elevated  in  respect  of  the  horizon,  and  have 
a  direction  quite  opposite  to  that  w  hich  the  hypo- 
thesis of  infiltration  requires.  It  remains  certain, 
therefore,  that  the  whole  mass  of  granite,  and  the 
veins  proceeding  from  it,  are  coeval,  and  both  of 
later  formation  than  the  strata. 

Now,  this  being  established,  and  the  fluidity  of 
the  veins,  when  tliey  penetrated  into  the  schistus, 
being  obvious,  it  necessarily  follows,  that  the  whole 
granite  mass  was  also  fluid  at  the  same  time.  But 
this  can  have  been  brought  about  only  by  subter- 
raneous heat,  which  also  impelled  the  melted  mat- 
ter against  the  superincumbent  strata,  with  such 
force  as  to  raise  them  from  their  place,  and  to  give 
them  that  highly  inclined  position  in  which  they  are 
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Still  supported  by  the  granite,  after  its  fluidity  has 
ceased.  Thus  a  conclusion,  rendered  probable  by 
the  crystallization  of  granite,  is  established  beyond 
all  contradiction  by  the  phenomena  of  granitic^ 
veins.  * 

83.  With  the  granite,  we  shall  consider  the 
proof  of  the  igneous  origin  of  all  mineral  sub- 
stances as  completed.  These  substances,  there- 
fore, whether  stratified  or  unstratified,  owe  their 
consolidation  to  the  same  cause,  though  acting 
with  different  degrees  of  energy.  The  stratified 
have  been  in  general  only  softened  or  pen^xated 
by  melted  matter,  whereas  the  unstratified  have 
been  reduced  into  perfect  fusion. 

84.  In  this  general  conclusion  we  may  distin- 
guish two  parts,  which,  in  their  d^ree  of  certain* 
ty,  differ  perhaps  somewhat  from  one  another.  The 
first  of  these,  and  that  which  stands  highest  in 
point  of  evidence,  consists  of  two  pnqpositioiis } 
namely,  that  the  fluidity  which  preceded  the  coa* 
solidation  of  mineral  substances  was  sihplsi  that 
is,  it  did  not  arise  from  the  combination  of  tibeae 
substances  with  any  solvent ;  and,  next,  that  afber 
consolidation,  these  bodies  have  been  ivised  up  by 
an  expansive  force  acting  from  below,  and  have  Jby 
that  means  been  brought  into  their  present  sitiuk 
tion.    These  two  propositions  seem  to  me  to  he 

'      I    ■■  >  ■  I    ' '      ■  i  II  > .1   I  J  I  — i— ■^■■^i^."<f 
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supported  by  all  the  evidence  that  is  necessary  to 
constitute  the  most  perfect  demoDstration. 

85,  Tlie  other  part  of  the  general  conclusion, 
that  fire,  or  more  properly  heat,  was  the  cause  of 
the  fluidity  of  these  mineral  bodies,  and  also  of 
their  subsequent  elevation^  is  not  perhaps  to  be  con- 
sidered as  a  truth  so  fully  demonstrated  as  the  two 
preceding  propositions  ;  it  is,  no  doubt,  a  matter  of 
THEORY  ;  or  a  portion  of  one  of  those  invisible  chains 
by  which  nieu  seek  to  connect  in  the  mind  the 
state  of  nature  that  is  present,  with  the  states  of  it 
tbat  are  past ;  and  participates  of  that  uncertainty 
from  which  oiw  reasonings  concerning  such  causes 
u  are  not  direct  objects  of  perception,  are  hardly 
ever  exempted*  That  it  participates  of  this  un- 
certainty in  a  very  slight  degree,  will,  however,  be 
admitted,  when  it  is  considered  that  the  cause  as- 
signed has  been  proved  sufficient  for  the  effect ; 
that  the  same  is  not  true  of  any  other  known 
cause ;  and  that  this  theory  accounts,  with  singu- 
lar ©mplicity  and  precision,  for  a  system  of  facts  so 
various  and  complex,  as  that  which  is  presented  by 
the  natural  history  of  the  globe, 

86.  Neither  can  it  be  said  that  the  existence  of 
subterraneous  heat  is  a  principle  assumed  without 
any  evidence,  but  that  of  the  geological  facts  which 
it  b  intended  to  explain :  on  the  contrary,  it  is 
proved  by  phenomena  within  the  circle  of  ordinary 
experience,  namely,  those  of  hot  springs,  volcanoeB, 
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and  earthquakes,  TTiese  leave  bo  doubt  of  the 
existence  of  heat,  and  of  a  moving  and  expansive 
power,  in  the  bowels  of  the  eaith  ;  so  that  the  on- 
ly qnestions  are,  at  what  depth  is  this  power  lodg- 
ed  ?  to  what  extent,  and  with  what  intensity,  does 
it  act  ?  Tliat  it  is  lodged  at  a  very  considerable 
depth,  is  rendered  probable  by  the  permanency  of 
some  of  the  preceding  phenomena :  from  the  ear- 
liest times  many  fountains  have  retained  their  heat 
to  the  present  day ;  and  volcanoes,  though  they 
become  extinguished  at  length,  have  a  very  long 
period  allotted  for  their  duration.  The  cause  of 
eaithquakes  is  certainly  a  force  that  resides  very 
deep  nnder  the  surface,  othenvise  the  extent  of  the 
concussion  could  not  be  such  as  has  been  observed 
in  many  instances* 

87^  The  intensity  of  volcanic  fire,  is  another 
circumstance  tliat  favours  the  opinion  of  its  being 
seated  deep  under  the  surface*  That  this  intensi- 
ty 18  considerable,  is  certain  from  the  experiments 
made  by  Sir  James  Hall  on  the  fusibility  of  whin- 
stone  and  lava ;  from  which  it  appears,  that  the 
lowest  temperature  in  which  either  of  these  stones 
melt,  is  about  SO"  of  Wedgewood's  pyrometen 
Some  mineralogists  have  indeed  affinned,  that  lava 
is  melted,  not  by  the  intensity  of  the  heat  applied 
to  it,  but  in  consequence  of  a  certain  combination 
formed  between  it  and  bituminous  substances,  in  a 
manner  which  they  do  not  atleuipt  to  explain,  and 
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which  has  indeed  no  analogy  to  any  thing  that  is 
known*  That  a  hypothesis,  formed  in  such  direct 
opposition  to  the  most  obvious  principles  of  induc- 
tive reasoning,  should  have  been  imagined  by  a 
philosopher  who  had  examined  the  phenomena  of 
^tna  and  Vesuvius  with  much  attention,  and  de- 
scribed them  with  great  accuracy  and  truth,  is  more 
wonderful  than  that  it  should  have  been  adopted  by 
mineralogists,  whose  views  of  nature  may  have  been 
confined  within  a  cabinet  or  a  laboratory.  It  is, 
however,  a  hypothesis,  which,  having  never  had 
any  support  but  from  other  hypotheses,  hardly 
merited  the  direct  refutation  that  it  has  received 
from  the  experiments  just  mentioned. 

88.  But,  if  the  intensity  of  volcanic  heat  be  such 
as  is  here  stated,  it  will  be  found  very  difficult  to  ac- 
count for  a  fire  of  such  activity,  and  of  such  long 
continuance  in  the  same  spot,  by  any  decomposition 
of  mineral  substances  near  the  surface.  In  the 
place  where  this  combusJion  is  supposed  to  exist,  it 
must  be  remembered,  that  there  is  no  fresh  supply 
of  materials  to  replace  those  that  bave  been  con- 
sumed, and  that,  therefore,  the  original  accumula- 
tion of  these  materials  in  one  spot,  must  have  been 
very  unlike  any  thing  that  has  ever  been  observed 
concerning  the  disposition  of  minerals  in  the  bowels 
of  the  earth* 

89.  If,  on  the  other  hand,  we  ascribe  the  pheno- 
mena  of  volcanoes  to  the  central  heat,  the  account 
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that  may  be  given  of  them  is  simplet  and  consistent 
with  itself.  According  to  all  the  appearances  from 
which  the  existence  of  such  heat  has  been  inferred 
above,  it  is  of  a  nature  so  far  different  from  ordinary 
fire,  that  it  may  require  no  circulation  of  air,  and  no 
supply  of  combustible  materials  to  support  it-  It 
is  not  accompanied  with  inflammation  or  combus* 
tion,  the  great  pressure  preventing  any  separation 
of  parts  in  the  substances  on  which  it  acts,  and  the 
absence  of  that  elastic  fluid  without  which  heat 
seems  to  have  no  power  to  decompose  bodies,  even 
the  most  combustible,  contributing  to  the  unalter- 
able nature  of  all  the  substances  in  the  mineral  re- 
gions. There,  of  consequence,  the  only  effects  of 
heat  are  fusion  and  expansion  ;  and  that  which 
forais  the  nucleus  of  the  globe  may  therefore  be  a 
fluid  mass,  melted,  but  unchanged  by  the  action  of 
heat. 

90.  If,  from  the  confines  of  this  nucleus,  we  con- 
ceive certain  fissures  and  openings  to  traverse  the 
solid  crust,  and  to  issue  at  the  surface  of  the  earth, 
the  vapours  ascending  through  these  may  in  time 
heat  the  sides  of  the  tubes  through  which  they  pass 
to  a  vast  distance  from  the  lower  extremities.  It  is, 
indeed,  difficult  to  fix  the  limit  to  which  this  dis- 
tance may  extend,  on  account  of  the  great  difference 
between  the  rate  at  which  heat  moves  when  it  has 
a  fluid  for  its  vehicle,  and  when  it  is  left  to  make 
its  way  alone  tjhrough  a  solid  body»   In  the  present 
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le  supply  of  beat  is  rapid,  as  being  made  by 
a  vapour  ascending  through  a  tube  of  solid  rock  ; 
and  the  dissipation  of  it  slow,  as  arising  from  its 
MamMBion  through  the  rock.    The  vvaste  of  heat 
k  therefore  small,  compared  with  the  supply,  and 
grows  smaller  at  every  given  point,  the  longer  the 
stream  of  heated  vapour  has   continued  to  flow. 
Such  a  stream,  therefore,  though  it  may  at  first  be 
condensed  within  a  small  distance  of  its  source,  will 
in  time  reach  higher  and  higher,  and  may  at  last  be 
able  to  carry  its  heat  to  an  immense  distance  from 
the  place  of  its  original  derivation.    Thus,  it  is  ea- 
sy to  conceive,  that  vapours  from  the  mineral  re- 
gions may  convey  their  heat  to  reservoirs  of  water 
near  the  surface  of  the  earth,  and  may  in  that  man- 
ner produce  hot  springs,  and  even  boiling  foun^ 
tains,  like  those  of  Rcikum  and  Geyser, 

91*  \VTien,  instead  of  a  heated  vapour,  melted 
matter  is  thrown  up  through  the  shq^}$  or  tubes, 
which  thus  communicate  with  the  mineral  regions, 
veins  of  whinstone  and  basidtes  are  formed  in  the 
interior  of  the  earth-  When  the  melted  matter 
reaches  to  the  surface,  it  is  thrown  out  in  the  form 
of  lava,  and  all  the  other  phenomena  of  volcanoes 
are  produced. 

Lastly,  Where  melted  matter  of  this  kind,  or  va- 
pours without  being  condensed,  have  their  progress 
obstructed,  those  dreadful  concussions  are  produced, 
which  seem  to  tlueaten  the  existence  even  of  the 
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earth  itself.  Though  terrible,  therefore,  to  the 
present  inhabitants  of  the  globe,  the  earthquake 
has  its  place  in  the  great  system  of  geological  ope- 
rations, and  is  part  of  a  series  of  events,  essential, 
as  will  more  clearly  appear  hereafter,  to  the  general 
order,  and  to  the  preservation  of  the  whole. 

Such,  according  to  this  theory,  are  the  changes 
which  have  befallen  mineral  substances  in  the 
bowels  of  the  earth  ;  and  though  different  for  the 
stratified  and  unstratified  parts  of  those  substances, 
they  are  connected  together  by  the  same  prmcipk^ 
or  explained  by  the  same  cause.  It  remains  to 
consider  that  part  of  the  history  of  both  which  de- 
scribes their  changes  after  their  elevation  to  the 
surface ;  and  here  we  shall  find  new  causes  intro- 
duced, which  are  more  directly  the  subjects  of  ob- 
servation, than  those  hitherto  treated  of}  causes, 
also,  which  act  on  all  fossils  alike,  and  alike  prepare 
them  for  their  ultimate  destination. 


OF  THE  PHENOMENA  COMMON  TO  STRATIFIED    A 

AND  UN  STRATIFIED  BODIES.  ?l 

t. 

i.  The  series  of  clianges  which  fossil  bodies  are 
destined  to  undergo,  does  not  cease  with  their  ele- 
vation above  the  level  of  the  sea  ;  it  assumes,  how- 
ever, a  new  direction,  and  from  the  moment  that 
they  are  raised  up  to  the  surface,  is  constantly  ex- 
erted in  reducing  them  again  under  the  dominion 
of  the  ocean.  The  solidity  is  now  destroyed  which 
was  acquired  in  the  bowels  of  the  earth  ;  and  as  the 
bottom  of  the  sea  is  the  great  laboratory,  where 
loose  materials  are  mineralized  and  formed  into 
stone,  the  atmosphere  is  the  region  where  stones 
are  decomposed,  and  again  resolved  into  eaith, 

This  decomposition  of  all  mineral  substances,  ex- 
posed to  the  air,  is  continual,  and  is  brought  about 
by  a  multitude  of  agents,  both  chemical  and  me- 
cbanical,  of  which  some  are  known  to  us,  and  many, 
no  doubt,  remain  to  be  discovered.     Among  the 
various  aeriform  fluids  which  compose  our  atmo- 
sphere, one  is  already  distinguished  as  the  grand 
principle  of  mineral  decomposition  ^  the  others  are 
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not  inactivei  and  to  them  we  must  add  moisture, 
heat,  and  perhaps  light ;  substances  which,  from 
their  affinities  to  the  elements  of  mineral  bodies, 
have  a  power  of  entering  into  combination  with 
them,  and  of  thus  diminishing  the  forces  by  which 
they  are  united  to  one  another.  By  the  action  of 
air  and  moisture,  the  metallic  particles,  particular- 
ly the  u*on,  which  enters  in  great  abundance  into 
the  composition  of  almost  all  fossils,  becomes  oxy- 
dated  in  such  a  degree  as  to  lose  its  tenacity ;  so 
l^at  the  texture  of  the  surface  is  destroyed,  and  a 
pletrt  of  the  body  resolved  into  earth. 

93«  Some  earths,  again,  such  as  the  calcareous, 
are  immediately  dissolved  by  water;  and  though 
the  quantity  so  dissolved  be  extremely  small,  the 
openftion,  by  being  continually  renewed,  produces  a 
slow  but  perpetual  corrosion,  by  which  the  greatest 
rocks  must  in  time  be  subdued.  The  action  of 
water  iti  destroying  hard  bodies  into  which  it  has 
obtained  entrance,  is  much  assisted  by  the  vicissi- 
tudes of  heat  and  cold,  especially  when  the  latter 
extends  as  far  as  the  point  of  congelation  ;  for  the 
water,  when  frozen,  occupies  a  greater  space  than 
before,  and  if  the  body  is  compact  enough  to  re- 
fuse room  for  this  expansion,  its  parts  are  torn  a- 
sunder  by  a  repulsive  force  acting  in  every  direc- 
tion. 

94.  Besides  these  causes  of  mineral  decomposi- 
tioB,  the  aetlon  of  which  vve  can  in  some  messnre 


5,  there  are  others  known  to  us  only  by  their 
teflfecu. 

W€  see,  for  instance,  the  purest  rock  crystal  af- 
fected by  exposure  to  the  weather,  its  lustre  tarnish- 
edt  and  the  polish  of  its  surface  impairedj  but  we 
know  nothing  of  the  power  by  which  these  opera- 
tions are  performed.  Thus  also,  in  the  precautions 
whicfc  the  mineralogist  takes  to  presence  the  fresh 
fracture  of  his  specimens,  we  have  a  proof  how  in- 
discriminately all  the  productions  of  the  fossil  king- 
dom are  exposed  to  the  attacks  of  their  unknown 
enemies,  and  we  perceive  how  difficult  it  is  to  de- 
lay the  beginnings  of  a  process  which  no  power 
whatever  can  finally  counteract. 

95.  The  mechanical  forces  employed  in  the  dis- 
integration of  mineral  substances,  are  more  easily 
marked  than  the  chemicaL     Here  again  water  ap- 
pears as  the  most  active  enemy  of  hard  and  solid 
bodies  ;  and,  in  every  state,  from  transparent  va- 
pour to  solid  ice,  from  the  smallest  rill  to  the  great- 
est river,  it  attacks  whatever  has  emerged  above  the 
level  of  the  sea,  and  labours  incessantly  to  restore 
it  to  the  deep.     The  parts  loosened  and  disengag- 
ed by  the  chemical  agents,  are  carried  down  by  the 
rains,  and,  in  their  descent,  rub  and  grind  the  su- 
perfides  of  other  bodies.     Thus  water,  though  in- 
eapable  of  acting  on  hard  substances  by  direct  at- 
trition, is  the  cause  of  their  being  so  acted  on  ; 
and,  when  it  descends  in  torrents,  cari7ing  with  it 
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sandy  gravel,  and  fragments  of  rock,  it  may  be  tru- 
ly said  to  turn  the  forces  of  the  mineral  kingdom 
against  itself.     Every  separation  which  it  makes  is 
necessarily  permanent,  and  the  parts  once  detach- 
ed can  never  be  united,  save  at  the  bottom  of  the 
ocean. 
96.  But  it  would  far  exceed  the  limits  of  thii 
.  sketch,  to  pursue  the  causes  of  mineral  decomposi- 
tion through  all  their  forms.     It  is  sufficient  to  re- 
mark, that  the  consequence  of  so  many  minute,  bat 
indefatigable  agents,  all  working  together,  and  hav- 
ing gravity  in  their  favour,  is  a  system  of  universal 
decay  and  degradation,  which  may  be  traced  over 
the  whole  surface  of  the  land,  from  the  mountain 
top  to  the  sea  shore.     That  we  may  perceive  the 
full  evidence  of  this  truth,  one  of  the  most  import- 
ant in  the  natural  history  of  the  globe,  we  will  be- 
gin our  survey  from  the  latter  of  these  stations^ 
and  retire  gradually  toward  the  former. 

97*  If  the  coast  is  bold  and  rocky,  it  speaks  a 
language  easy  to  be  interpreted.  Its  broken  and 
abrupt  contour,  the  deep  gulfs  and  salient  pro- 
montories  by  which  it  is  indented,  and  the  propor- 
tion which  these  irregularities  bear  to  the  foroe  of 
the  waves,  combined  with  the  inequality  of  hardness 
in  the  rocks,  prove,  that  the  present  line  of  the 
shore  has  been  determined  by  the  action  of  the  sea. 
The  naked  and  precipitous  cliffi  which  overhang 
the  deep,  the  rocks  hollowed,  perforated,  aa  they 


are  farther  advanced  in  the  sea,  and  at  last  insulat- 
ed, lead  to  the  same  conclusion,  and  mark  very 
dearly  so  many  diflferent  stages  of  decay.  It  is 
true,  we  do  not  see  the  successive  steps  of  this  pro- 
gress exemplified  in  the  states  of  the  same  indivi- 
dual rock,  but  we  see  them  clearly  in  different  in- 
dividuals ;  and  the  conviction  thus  produced,  when 
the  phenomena  are  sufficiently  multiplied  and  varied, 
is  as  irresistible,  as  if  we  saw  the  changes  actually 
UPected  in  the  moment  of  observation. 

On  such  shores,  the  fragments  of  rock  once  de- 
tached, become  instruments  of  further  destruction, 
and  make  a  pait  of  the  powerful  artillery  with 
wrhich  the  ocean  assails  the  bulwarks  of  the  land  : 
they  are  impelled  against  the  rocks,  from  which  they 
break  off*  other  fragments,  and  the  whole  are  thus 
ground  against  one  another ;  whatever  be  their 
hardness,  they  are  reduced  to  gravel,  the  smooth 
surface  and  round  figure  of  which,  are  the  most 
certain  proofs  of  a  detritus  which  nothing  can  re- 
sist. 

98.  Again,  where  the  sea  coast  is  flat,  we  have 
abundant  evidence  of  the  degradation  of  the  land 
in  the  beaches  of  sand  and  small  gravel ;  the  sand 
bulks  and  shoals  that  are  continually  changing  ; 
the  alluvial  land  at  the  mouths  of  the  rivers ;  the 
tars  that  seem  to  oppose  their  discharge  into  the 
sea,  and  the  shallowness  of  the  sea  itself*  On  such 
coasts,  the  land  usually  seems  to  gain  upon  the  sea, 
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whereas,  on  shores  of  a  bolder  aspect,  it  is  the  sea 
that  generally  appears  to  gain  upon  the  land. 
What  the  land  acquires  in  extent,  however,  it  loses 
in  elevation ;  and,  whether  its  surface  increase  or 
diminish,  the  depredations  made  on  it  are  in  both 
cases  evinced  with  equal  certainty. 

99*  If  we  proceed  in  our  survey  from  the  shorei, 
inland,  we  meet  at  every  step  with  the  fullest  evi- 
dence of  the  same  truths,  and  particularly  in  the 
nature  and  economy  of  rivers.  Every  river  appean 
to  consist  of  a  main  trunk,  fed  from  a  variety  of 
branches,  each  running  in  a  valley  proportioned  to 
its  size,  and  all  of  them  together  forming  a  system 
of  vallies,  communicating  with  one  another,  and 
havmg  such  a  nice  adjustment  of  their  dedivitiei, 
that  none  of  them  join  the  principal  valley,  either 
on  too  high  or  too  low  a  level ;  a  circumstance 
which  would  be  infinitely  improbable,  if  each  of 
these  vallies  were  not  the  work  of  the  stream  that 
flows  in  it. 

If  indeed  a  river  consisted  of  a  single  streanif 
without  branches,  running  in  a  straight  valley,  it 
might  be  supposed  that  some  great  concussion,  or 
some  powerful  torrent,  had  opened  at  once  the 
channel  by  which  its  waters  are  conducted  to  the 
ocean ;  but,  when  the  usual  form  of  a  river  is  con- 
sidered, the  trunk  divided  into  many  brancheib 
which  rise  at  a  great  distance  from  one  another, 
and  these  again  subdivided  into  an  infinity  of  smal* 
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ler  ramifications,  it  becomes  strongly  impressed  up- 
m  the  mind,  that  all  these  cliannels  have  been  cut 
by  the  waters  themselves ;  that  they  have  been 
slowly  dug  out  by  the  washing  and  erosion  of  the 
land ;  and  that  it  is  by  the  repeated  touches  of  the 
aune  instrument,  that  this  curious  assemblage  of 
lines  has  been  engraved  so  deeply  on  the  surface  of 
the  globe. 

100.  The  changes  which  have  taken  place  in 
the  courses  of  rivers,  are  also  to  be  traced,  in 
many  instances,  by  successive  platforms,  of  flat  al- 
lavid  land,  rising  one  above  another,  and  marking 
the  different  levels  on  which  the  river  has  run  at 
different  periods  of  time-  Of  these,  the  number 
to  be  distinguished,  in  some  instances,  is  not  less 
tiian  four,  or  even  five  ;  and  this  necessarily  carries 
IB  back,  like  all  the  operations  we  are  now  treating 
uf,  to  an  antiquity  extremely  remote  ;  for,  if  it  be 
considered,  that  each  change  which  the  river  makes 
in  its  bed,  obliterates  at  least  a  part  of  the  monu- 
ments of  former  changes,  we  shall  be  convinced, 
that  only  a  small  part  of  the  progression  can  leave 
any  distinct  memorial  behind  it,  and  that  there  is 
no  reason  to  think,  that,  in  the  part  which  we  see, 
the  beginning  is  included.  * 

101.  In  the  same  manner,  when  a  river  under- 
mines its    banks,  it   often  discovers   deposits  of 


llG  ILLUSTRATIONS  OF  THE 

sand  and  gravel,  that  have  been  made  when  it  ran 
on  a  higher  level  than  it  does  at  present.  In  other 
instances,  the  same  strata  are  seen  on  both  the 
banks,  though  the  bed  of  the  river  is  now  sunk 
deep  between  them,  and  perhaps  holds  as  winding 
a  course  through  the  solid  rock,  as  if  it  flowed  a^^ 
long  the  surface  ;  a  proof  that  it  must  have  begua 
to  sink  its  bed,  when  it  ran  through  such  loose  ma-r 
terials  as  opposed  but  a  very  inconsiderable  resist- 
ance to  its  stream.  A  river,  of  which  the  course 
is  both  serpentine  and  deeply  excavated  in  the 
rock,  is  among  the  phenomena,  by  which  the  slow 
waste  of  the  land,  and  also  the  cause  of  that  wastes 
are  most  directly  pointed  out. 

108.  It  is,  however,  where  rivers  issue  throuj^ 
narrow  defiles  among  mountains,  that  the  identic 
of  the  strata  on  both  sides  is  mpst  easily  recqgnisedf 
and  remarked  at  the  same  time  with  the  greatert 
wonder.     On  observing  the  Potomack,  where  il 
penetrates  the  ridge  of  the  Allegany  mountains,  or 
the  Irtish,  as  it  issues  from  the  defiles  of  Altaic 
there  is  no  man,  however  little  addicted  to  geologir 
cal  speculations,  who  does  not  immediately  acknon- 
ledge,  that  the  mountain  was  once  continued  quite 
across  the  space  in  which  the  river  now  flows ;  an4 
if  he  ventures  to  reason  concerning  the  cause  of  to  j 
wonderful  a  change,  he  ascribes  it  to  some^pmt' 
convulsion  of  nature,  which  has  torn  the  mountui 
asunder,  and  opened  a  passage  for  the  waters.    It 
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is  only  the  philosopher,  who  has  deeply  meditated 
on  the  effects  which  action  long  continued  is  able 
to  produce,  and  on  the  simplicity  of  the  means 
which  nature  employs  in  all  her  operations,  who 
sees  in  this  nothing  but  the  gradual  working  of  a 
stream,  that  once  flowed  over  the  top  of  the  ridge 
which  it  now  so  deeply  intersects,  and  has  cut  its 
course  through  the  rock,  in  the  same  way,  and  al* 
roost  with  the  same  instrument,  by  which  the  lapi- 
dary divides  a  block  of  marble  or  granite, 

103.   It  is  highly  interesting  to  trace  up,  in  this 
manner,  the  action  of  causes  with  which  we  are  fa- 
miliar, to  the  production  of  effects,  which  at  first 
^tem  to  require  the  introduction  of  unknown  and  ex- 
traordinai7  powers  ;  and  it  is  no  less  interesting  to 
ohserve,  how  skilfully  nature  lias  balanced  the  ac- 
tion of  all  the  minute  causes  of  waste,  and  render- 
ed them  conducive  to  the  general  good.     Of  this 
we  have  a  most  remarkable  instance,  in  the  provi- 
mi  made  for  preserving  the  soil,  or  the  coat  of  ve- 
getable mould,  spread  out  over  the  surface  of  the 
earth.     This  coat,  as  it  consists  of  loose  materials, 
it  easily  washed  away  by  the  rains,  and  is  continu- 
-     dly  carried  down  by  the  rivers  into  the  sea.     This 
B  eftct  is  visible  to  every  one  ;  the  earth  is  removed 
not  only  in  the  form  of  sand  and  gravel,  but  its 
finer  particles  suspended  iu  the  waters,  tinge  those 
of  Rome  rivers  continually,  and  those  of  all  occa- 
sionally, that  is,  when  they  are  flooded  or  swollen 
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with  rains.     The  quantity  of  earth  thus  carried 
down,  Taries  according  to  circumstances ;  it  has 
been  computed,  in  some  instances,  that  the  water 
of  a  river  in  a  flood,  contains  earthy  matter  sua* 
pended  in  it,  amounting  to  more  than- the  two  him- 
dred  and  fiftieth  part  of  its  own  bulk.  *    The  8oil» 
therefore,  is  continually  diminished,  its  parts  being 
transported  from  higher  to  lower  levels,  and  finaUy 
delivered  into  the  sea.     But  it  is  a  fact,  that  the 
soil,  notwithstanding,  remains  the  same  in  quanti^ 
ty,  or  at  least  nearly  the  same,  and  must  have  done 
so,  ever  since  the  earth  was  the  receptacle  of  animal 
or  vegetable  life.     The  soil,  therefore,  is  augment* 
ed  from  other  causes,  just  as  much,  at  an  average^ 
as  it  is  diminished  by  that  now  mentioned;  and 
this  augmentation  evidently  can  proceed  from  no- 
thing but  the  constant  and  slow  disintegration  of  * 
the  rocks.     In  the  permanence,  therefore,  of  a  coat 
of  vegetable  mould  on  the  surface  of  the  earth,  we 
have  a  demonstrative  proof  of  the  continual  deatroo- 
tion  of  the  rocks  ;  and  cannot  but  admire  the  ddll, 
with  which  the  powers  of  the  many  chemical  and 
mechanical  agents  employed  in  this  complicated 
work,  are  so  adjusted,  as  to  make  the  supply  and 
the  waste  of  the  soil  exactly  equal  to  one  another. 
104.  Before  we  take  leave  of  the  rivers  and  the 


*  See  Lehman,  Trait6i  de  Phys«  4rc  Tom.  III.  p.  359. 
Note. 


aUTTONlAN  THEOay- 


im 


pkina^  we  must  remark  another  fact,  oflen  observe 
ed  in  the  natural  history  of  the  latter,  and  clearly 
evincing  the  former  existence  of  immense  bodies  of 
strata,  in  situations  from  which  they  have  now  en- 
tirely disappeared.     The  fact  here  alluded  to  is, 
the  great  quantity  of  round  and  hard  gravel,  often 
to  be  met  with  in  the  soil,  under  such  circum- 
ibmcesy  as  prove,  that  it  can  only  have  come  from 
the  decomposition  of  rocks,  that  once  occupied  the 
fery  ground  over  which  this  gravel  is  now  spread. 
In  the  chalk  country,  for  instance,  about  London, 
the  quantity  of  flints  in  the  soil  is  every  where 
great ;  and,  in  particular  situations,  nothing  but 
ftinty  gravel  is  found   to  a  considerable   depth. 
Now,  the  source  from  which  these  flints  are  deriv- 
ed is  quite  evident,  for  they  are  precisely  the  same 
with  those  contained  in  the  chalk  beds,  wherever 
these  last  are  found  undisturbed,  and  from  the  de- 
itmction  of  such  beds  they  have  no  doubt  originat- 
ed*    Hence  a  great  thickness  of  chalk  must  have 
been  decomposed,  to  yield  the  quantity  of  flints 
DOW  in  the  soil  of  these  countries  ;  for  the  flints  are 
but  thinly  scattered  through  the  native  chalk,  com- 
pared with  their  abundance  in  the  loose  earth*  To 
aSbrd,  for  example,  such  a  b^dy  of  flinty  gravel  as 
is  found  about  Kensington,  what  an  enormous 
quantity  of  chalk  rock  must  have  been  destroyed  ? 
105,  This  argument,  which  Dr  Hutton  has  ap- 
plied particularly  to  the  chalk  countries^  may  be  ex- 
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tended  to  many  others.  The  great  plain  of  Crau, 
near  the  mouth  of  the  Rhone,  is  well  known,  and 
was  r^arded  with  wonder,  even  in  ages  when  the 
natural  history  of  the  globe  was  not  an  object  of 
much  attention.  The  immense  quantity  of  large 
round  graveUstones,  with  which  this  extensive  plain 
is  entirely  covered,  has  been  supposed,  by  some  mi- 
neralogists, to  have  been  brought  down  by  the  Du- 
rance, and  other  torrents,  from  the  Alps  j  but,  on 
further  examination,  has  been  found  to  be  of  the 
same  kind  that  is  contained  in  certain  horizontal 
layers  of  pudding-stone,  which  are  the  bads  of  the 
whole  plain.  It  cannot  be  doubted,  therefore,  that 
the  vast  body  of  gravel  spread  over  it,  has  originated 
from  the  destruction  of  layers  of  the  same  rock, 
which  may  perhaps  have  risen  to  a  great  height 
above  what  is  now  the  surface.  Indeed,  from 
knowing  the  depth  of  the  gravel  that  covers'  the 
plain,  and  the  average  quantity  of  the  like  gra«> 
vel  contained  in  a  given  thickness  of  rock,  one 
might  estimate  how  much  of  the  latter  has  been 
actually  worn  away.  Whether  data  precise  enough 
could  be  found,  to  give  any  weight  to  such  a  com- 
putation, must  be  left  for  fnturo  inquiry  to  deter* 
mine.  * 

106.  In  these  instances,  chalk  and  pudding-stone^ 
by  containing  in  them  parts  infinitely  less  destrucr^ 

•  NOTS  XVIP. 


HUTTONXAN  THEORY, 


Itifl 


tible  than  their  general  mass,  have,  after  they  are 
worn  away,  left  behind  them  very  unequivocal 
marks  of  their  existence.  The  same  has  happened 
in  the  case  of  mineral  veins,  where  the  substances 
least  subject  to  dissolution  have  remained,  and  are 
scattered  at  a  great  distance  from  their  native  place. 
Thus  gold,  the  least  liable  to  decomposition  of  all 
the  metals,  is  very  generally  diffused  through  the 
eartht  and  is  found,  in  a  gi^eater  or  less  abundance, 
ID  the  sand  of  almost  all  rivers.  But  the  native 
place  of  this  mineral  is  the  solid  rock,  or  the  veins 
and  cavities  contained  in  the  rockj  and  from  thence 
it  must  have  made  its  way  into  the  soiL  This, 
therefore,  is  another  proof  of  the  vast  extent  t 
which  the  degradation  of  the  land,  and  of  the  rock, 
which  is  the  basis  of  it,  has  been  carried  ;  and  con- 
sequently, of  the  great  difference  between  the  ele- 
Eion  and  shape  of  the  earth's  surface  in  the  prc- 
it,  and  in  former  ages, 
107.  The  veins  of  tin  furnish  an  argument  of  the 
ne  kind.  The  ores  of  this  metal  are  very  inde- 
«iructible,  and  little  subject  to  decomposition >  so 
that  they  remain  very  long  in  the  ground  without 
change.  Where  there  are  tin  veins,  as  in  Corn- 
wall, the  tin-stone  or  tin  ore  is  found  in  great 
abundance  in  such  vallies  and  streams  as  have  tlic 
same  direction  with  the  veins  ;  and  hence  the 
sireaming^  as  it  is  called,  or  washing  of  the  earth, 
tu  obtain  the  tin- stone  from  it.    Now,  If  it  be  €on<- 
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ddered,  that  none  of  this  ore  can  haye  come  into 
the  soil  but  from  parts  of  a  vein  actnally  destroyed^ 
it  must  iqppear  evident  that  a  great  waste  of  these 
veins  has  taken  place,  and  consequently  of  the 
schistus  or  granite  in  which  they  are  contuned. 

108.  These  lessons,  which  the  geologist  irtanght 
in  flat  and  open  countries,  become  more  striking^ 
by  the  study  of  those  Alpine  tracts,  where  the  sur* 
face  of  the  earth  attains  its  greatest  elevation*  If 
we  suppose  him  placed  for  the  first  time  in  the 
midst  of  such  a  scene,  as  soon  as  he  has  recovered 
from  the  impression  made  by  the  novelty  and  rnMgm 
nificence  of  the  spectacle  before  him,  he  b^ins  to 
discover  the  footsteps  of  time,  and  to  percdve,  that 
the  works  of  nature,  usually  deemed  the  most  pv- 
manent,  are  those  on  which  the  characters  of  vicis- 
situde are  most  deeply  imprinted.  He  sees  him- 
self in  the  midst  of  a  vast  ruin,  where  the  precipices 
which  rise  on  all  sides  with  such  boldness  and  aqpe- 
rity,  the  sharp  peaks  of  the  granite  mountains^  and 
the  huge  fragments  that  surround  their  bases,  do 
but  mark  so  many  epochs  in  the  progress  of  decay, 
and  point  out  the  enei^  of  those  destructive  causes, 
which  even  the  magnitude  and  solidity  of  sach 
great  bodies  have  been  unable  to  resist. 

109.  The  result  of  a  more  minute  investigation, 

is  in  perfect  unison  with  this  general  impression. 

Whence  is  it,  that  the  elevation  of  mountains  is  so 

obviously  connected  with  the  hardness  and  inde- 
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structibility  of  the  rocks  which  compose  them?  Why 
is  it,  that  a  lofty  mountain  of  soft  and  secondary] 
rock  is  nowhere  to  be  found  ;  and  that  such  chains^] 
as  the  Pyrenees  or  the  Alps,  never  consist  of  anyj 
but  the  hardest  stone,  of  granite  for  instancct  or  of 
those  primary  strata,  which,  if  we  are  to  credit 
the  preceding  theory,  have  been  twice  heated  in  the 
fires,  and  twice  tempered  in  the  waters,  of  the  mi- 
neral regions  ?  Is  it  not  plain  that  this  jirises,  not 
from  any  direct  connection  between  the  hardness  of 
stones,  and  their  height  in  the  atmosphere,  but 
from  this,  that  the  waste  and  detritus  to  which  all 
things  are  subject,  will  not  allow  soft  and  weak  sub- 
stances to  remain  long  in  an  exposed  and  elevated 
situation  ?  Were  it  not  for  this,  the  secondary 
rocks,  being  in  position  superincumbent  on  the  pri- 
mary, ought  to  be  the  highest  of  the  two,  and  should 
cover  the  primary,  (as  they  no  doubt  have  at  one 
time  done,)  in  the  highest  as  well  as  the  lowest  si- 
tuations, or  among  the  monntains  as  well  as  io  the  \ 
plains. 

110.  Again,  wherefore  is  it,  that  among  all 
mountains,  remarkable  for  their  rugged ness  and 
asperity,  the  rock,  on  examination,  is  always  found 
of  very  unequal  destructibility,  some  parts  yielding 
to  the  weather,  and  to  the  other  causes  of  disinte- 
gration, much  more  slowly  than  the  rest,  and  hav- 
ing strength  sufficient  to  support  themselves,  when 
Wft  alonci  in  slender  pyramids»#bold  projectionsi 
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and  overhanging  cliffi  ?  Where,  on  the  other  hand, 
the  rock  wastes  uniformly,  the  mountains  are  simi- 
lar to  one  another ;  their  swells  and  slopes  are  gen- 
tle, and  they  are  bounded  by  a  waving  and  con- 
tinuous surface.  The  intermediate  degrees  of  re- 
sistance which  the  rocks  oppose  to  the  causes  of 
destruction,  produce  intermediate  forms.  It  is  this 
which  gives  to  the  mountains,  of  every  different 
species  of  rock,  a  different  habit  and  expression, 
and  which,  in  particular,  has  imparted  to  those  of 
granite  that  venerable  and  majestic  character,  by 
which  they  rarely  fail  to  be  distinguished. 

111.  The  structure  of  the  vallies  among  moun- 
tains, shows  clearly  to  what  cause  their  existence  is 
to  be  ascribed.  Here  we  have  first  a  large  valley, 
communicating  c^rectly  with  the  plain,  and  winding 
between  high  ridges  of  mountains,  while  the  river 
in  the  bottom  of  it  descends  over  a  surface,  remark- 
able, in  such  a  scene,  for  its  uniform  declivity. 
Into  this,  open  a  multitude  of  transverse  or  se- 
condary vallies,  intersecting  the  ridges  on  either 
side  of  the  former,  each  bringing  a  contribution  to 
the  main  stream,  proportioned  to  its  magnitude ; 
and,  except  where  a  cataract  now  and  then  inter- 
venes, all  having  that  nice  adjustment  in  their  le- 
vels, (990  which  is  the  more  wonderful,  the  greater 
the  irregularity  of  the  surface.  These  secondary 
vallies  have  others  of  a  smaller  size  opening  into 
them ;  and,  among  mountains  of  the  first  order, 
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where  all  is  laid  out  on  the  greatest  scale,  these 
ramifications  are  cootinued  to  a  fourth,  and  even  a 
fifth,  each  diminishing  in  size  as  it  increases  in  ele- 
Tation,  and  as  its  supply  of  water  is  less.     Through 
them  all,  this  law  is  in  general  observed,  that  where 
a  higher  valley  joins  a  lower  one,  of  the  two  angles 
which  it  makes  with  the  latter,  that  which  i>j  ob* 
tuse  is  always  on  the  descending  side  ;  a  law  that 
is  the  same  with  that  which  regulates  the  conflu- 
ence of  streams  running  on  a  surface  nearly  of  uni-      M 
form  inclination.     This  alone  is  a  proof  that  the 
vallies  are  the  work  of  the  strearus  j  and  indeed       ^ 
what   else  but   the  water  itself^   working  its  way      fl 
through  obstacles  of  unequal  resistance,  could  have 
opened  or  kept  up  a  communication  between  the      M 
inequalities  of  an  irregular  and  alpine  surface  ? 

112*  Many  more  arguments,  all  leading  to  the 
same  conclusion,  may  be  deduced  from  the  general 
facts,  known  in  the  natural  history  of  mountains ; 
and,  if  the  Oreologist  would  trace  back  the  pro- 
gress of  waste,  till  he  come  in  sight  of  that  original 
structure,  of  which  the  remains  are  still  so  vast,  he 
perceives  an  immense  mass  of  solid  rock,  naked  and 
unshapely,  as  it  first  emerged  from  the  deep,  and 
incomparably  greater  than  all  that  is  now  before 
him*  The  operation  of  rains  and  torrents,  modili- 
ed  by  the  hardness  and  tenacity  of  the  rock,  has 
worked  the  whole  into  its  present  form  ;  has  hol- 
lowed out  the  vallies,  and  gradually  detached  the 
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mountains  from  the  general  mass,  cutting  down 
their  sides  into  steep  precipices  at  one  place,  and 
smoothing  them  into  gentle  declivities  at  anotlien 
From  this  has  resulted  a  transportation  of  materi- 
als, which,  both  for  the  quantity  of  the  whole,  and 
the  magnitude  of  the  individual  fragments,  must 
seem  incredible  to  every  one,  who  has  not  learned 
to  calculate  the  effects  of  continued  action,  and  to 
reflect,  that  length  of  time  can  convert  accidental 
into  steady  causes.  Hence  fragments  of  rock,  from^j 
the  central  chain,  are  found  to  have  travelled  into^ 
distant  vallies,  even  where  many  inferior  ridges  in- 
tervene  :  hence  the  granite  of  Mont  Blatic  is  see«^ 
in  the  plains  of  Lombardy,  or  on  the  sides  of  Jura; 
and  the  ruins  of  the  Carpathian  mountains  lie  scat 
tered  over  the  shores  of  the  Baltic,  * 

113,  Thus,  with  Dr  Hutton,  w^e  shall  be  dispoa 
ed  to  consider  those  great  chains  of  mountains 
which  traverse  the  surface  of  the  globe,  as  cut  out 
of  masses  vastly  greater,  and  more  lofty  than  any^ 
thing  that  now  remains.     The  present  appearance 
afford  no  data  lor  calculating  the  original  magni- 
tude of  these  masses,  or  the  height  to  which  they 
may  have  been  elevated.     The  nearest  estimate  weS 
can  form  is,  where  a  chain  or  group  of  mountains^ 
like  those  of  Rosa  in  the  Alps,  is  horizontally  strs-^ 
tified,  and  where,  of  consequence,  the  undisi 
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position  of  the  mineral  beds  enables  us  to  refer  the 
whole  of  the  present  inequalities  of  the  surface  to 
the  operation  of  waste  or  decay.  These  mountaias, 
as  they  now  stand,  may  not  inaptly  he  compared  to 
the  pillars  of  earth  which  workmen  leave  behind 
them,  to  afford  a  measure  of  the  whole  quantity  of 
earth  which  they  have  removed.  As  the  pillars, 
(considering  the  mountains  as  such,)  are  in  this  case 
of  less  height  than  they  originally  were,  so  the  mea- 
sure furnished  by  them  is  but  a  limit,  which  the 
quantity  sought  must  necessarily  exceed. 

114.  Such,  according  to  Dr  Mutton's  theory, 
are  the  changes  which  the  daily  operations  of  waste 
have  produced  on  the  surface  of  the  globe.  These 
opeiations,  inconsiderable  if  taken  separately,  be- 
come great,  by  conspiring  all  to  the  same  end, 
never  counteracting  one  another,  but  proceeding, 
through  a  period  of  indefimte  extent,  continually 
in  the  same  direction.  Thus  every  thing  descends^ 
nothing  returns  upward  ;  the  hard  and  solid  bo- 
dies every  where  dissolve,  and  the  loose  and  soft  no 
where  consolidate.  The  powers  which  tend  to 
preserve,  and  those  which  tend  to  change  the  con- 
dition of  the  earth's  surface,  are  never  in  equiU- 
brio  ;  the  latter  are,  in  all  cases,  the  most  power- 
ful, and,  in  respect  of  the  former,  are  like  living  in 
comparison  of  dead  forces.  Hence  the  law  of  de- 
cay is  one  which  suffers  no  exception :  The  ele- 
ments of  all  bodies  were  once  loose  and  unconnect* 
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ed,  and  to  the  same  state  nature  has  appointed  that 
they  should  all  return. 

115«  It  affords  no  presumption  against  the  rea- 
lity of  this  progress,  that,  in  respect  of  man,  it  is 
too  slow  to  be  immediately  perceived  :  The  utmost 
portion  of  it  to  which  our  experience  can  extend, 
is  evanescent,  in  comparison  with  the  whole,  and 
must  be  regarded  as  the  momentary  increment  of 
a  vast  progression,  circumscribed  by  no  other  limits 
than  the  duration  of  the  world.  Time  performs 
the  office  of  integrating  the  infinitesimal  parts  of 
which  this  progression  is  made  up  ;  it  collects  them 
into  one  sum,  and  produces  from  them  an  amount 
greater  than  any  that  can  be  assigned. 

116.  While  on  the  surface  of  the  earth  so  much 
is  every  where  going  to  decay,  no  new  production 
of  mineral  substances  is  found  in  any  region  ac- 
cessible to  man.  The  instances  of  what  are  called 
petrifactions,  or  the  formation  of  stony  substances 
by  means  of  water,  which  we  sometimes  observe, 
whether  they  be  ferruginous  concretions,  or  calca- 
reous, or,  as  happens  in  some  rare  cases,  siliceous 
stalactites,  are  too  few  in  number,  and  too  inconsi* 
derable  in  extent,  to  be  deemed  material  exer- 
tions to  this  general  rule.  The  bodies  thus  gene- 
rated, also,  are  no  sooner  formed,  than  they  be- 
come subject  to  waste  and  dissolution,  like  all  the 
other  hard  substances  in  nature  ;  so  that  they  but 
retard  for  a  while  the  progress  by  which  they  are 
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all  resolved  into  dust»  and  sooner  or  later  commit- 
ted to  the  bosom  of  the  deep. 

117,  We  are  not»  however,  to  imagine,  that  there 
15  nowhere  any  means  of  repairing  this  waste  ;  for, 
on  comparing  the  conclusion  at  which  we  are  now  ar- 
rived, viz*  that  the  present  continents  arc  all  going  to 
decay,  and  their  materials  descending  into  the  ocean, 
with  the  proposition  first  laid  down,  that  these  same 
continents  are  composed  of  materials  which  must 
kave  been  collected  from  the  decay  of  former  rocks, 
it  is  impossible  not  to  recoguisc  two  corresponding 
steps  of  the  same  progress ;  of  a  progress,  by  wliich 
nuDeral  substances  are  subjected  to  the  same  series 
of  changes,  and  alternately  wasted  away  and  reno- 
vated.    In  the  same  manner,  as  the  present  mine- 
ral substances  derive  their  origin  from  substances 
similar  to  themselves ;  so,  from  the  land  now  going 
to  decay,  the  sand  and  gravel  forming  on  the  sea 
shore,  or  in  the  beds  of  rivers  ;  from  the  sheUs  and 
corals,  which  in  such  enormous  quantities  are  every 
day  accumulated  in  the  bosom  of  the  sea ;  from 
the  drill  wood,  and  the  multitude  of  vegetable 
^d  animal  remains  continually  deposited  in  the 
<Jcean :    from  all   these   we    cannot   doubt,    that 
strata    are    now    forming    in    those    regions,    to 
'^hich  nature  seems  to  have  confined  the  powers 
*^f  mineral  reproduction  ;  from  which,  after  being 
^Consolidated,  they  are  again  destined  to  emerge, 
VOL.  u  1 


130 


iLLUStUATIONS  OF  THE 


and  to  exhibit  a  series  of  changes  similar  to  the 
past.  * 


11^ 


118.  How  often  these  vicissitudes  of  decay  an 
renovation  have  been  repeated,  is  not  for  us  to  de- 
termine :   they  constitute  a  series,  of  wbich,  as  the 
author  of  this  theory  has  remarked,  we  neither  see 
the  beginning  nor  the  end  ;  a  circumstance  that 
accords  well  with  what  is  known  concerning  other 
parts  of  the  economy  of  the  world.     In  the  conti- 
nuation of  the  different  species  of  animals  and  ve- 
getables that  inhabit  the  earthy  we  discern  neither 
a  beginning  nor  an  end  ;  and,  in  the  planetary  nio- 
tioDs,  where  geometry  has  carried  the  eye  so  far 
both  into  tbe  future  and  the  past,  we  discover  no 
mark,  either  of  the  commencement  or  the  termi- 
nation of  the  present  order,  t     It  is  unreasonable, 
indeed,  to  suppose,  that  such  marks  should  any 
where  exists     The  Author  of  nature  has  not  given 
laws  to  the  universe,  which,  like  the  institutions  of 
men,  carry  in  themselves  the  elements  of  their  own 
destruction.     lie  has  not  penuitted,  in  his  work% 
any  symptom  of  infancy  or  of  old  age,  or  any  sign 
by  which  we  may  estimate  either  their  future  or 
their  past  duration.     He  may  put  an  end^  as  he 
no  doubt  gave  a  beginning,  to  the  present  system, 
at  some  determinate  period ;   but  we  may  safely 
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€)ude»  that  this  great  catastrophe  will  not  be 
brought  about  by  any  of  the  laws  now  existing, 
and  that  it  is  not  iiidicated  by  any  thing  which  we 
perceive, 

119.  To  assert,  therefore,  that,  in  the  economy 
of  the  world,  we  see  no  mark,  either  of  a  beginning 
or  an  end,  is  very  different  from  affirming,  that  the 
j  world  had  no  beginning,  and  will  have  no  end. 
The  imt  i«  a  conclusion  justified  by  common  sense, 
well  m  sound  philosophy  ;  while  the  second  is 
&  presumptuous  and  unwarrantable  assertion,  for 
which  no  reason  from  experience  or  analogy  can 
ever  be  assigned,     Dr  Hutton  might,  therefore, 
jastly  complain  of  the  uncandid  criticism,  which, 
by  tubatituting  the  one  of  these  assertions  for  the 
other,  endeavoured  to  load  his  theory  with  the  re- 
proach of  atheism  and  impiety.     Mf  Kirwan,  in 
brtagiiig  forward  this  harsh  and  ill-founded  cen- 
mre^  was  neither  animated  by  the  spirit,  nor  guid- 
ed by  the  maxims  of  tme  philosophy.    By  the  spi- 
rit  of  philosophy,  he  must  have  been  induced  to 
tifleet,  that  such  poisoned  weapons  as  he  was  pre* 
pirtng  to  use,  are  hardly  ever  allowable  in  scienti* 
fc  eontest,  as  having  a  less  direct  tendency  to  over- 
tim?  the  system,  than  to  hurt  the  person  of  an  ad- 
itnary,  and  to  wound,  perhaps  incurably,  his  mind, 
I  lib  reputalion,  or  his  peace.     By  the  maxims  of 
[philoiophy,  he  must  have  been  reminded,  that,  in 
[ oa  part  of  the  history  of  nature,  has  any  mark  been 
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discovered,  cither  of  the  beginning  or  the  end  oi 
the  present  order  ;  and  that  the  geologist  sadly  mis 
takes,  both  the  object  of  his  science  and  the  limiu 
of  his  understanding,  who  thinks  it  his  business  tc 
explain  the  means  employed  by  infinite  wisdom 
for  establishing  the  laws  which  now  govern  the 
world. 

By  attending  to  these  obvious  considerations,  Mr 
Kirwaii  would  have  avoided  a  very  illiberal  and  un- 
generous proceeding ;  and,  however  he  might  have 
diiFered  from  Dr  Hutton  as  to  the  iruUi  of  liia 
opinions,  he  would  not  have  censured  their  ten' 
dency  with  such  rash  and  unjustifiable  severity. 

But,  if  this  author  may  be  blamed  for  wanting 
the  temper,  or  neglecting  the  rules,  of  philosophic 
investigation,  he  is  hardly  less  culpable,  for  having 
so  slightly  considered  the  scope  and  spirit  of  a 
work  which  he  condemned  so  freely.      In  that 
work,  instead  of  finding  the  world  represented  as 
the  result  of  necessity  or  chance,  which  might  be 
hioked   for,   if  the  accusations  of  atheism  or  m* 
piety  were  well  founded,  we  see  every  where  the 
utmost  attention  to  discover,  and  the  utmost  dispo- 
sition to  admire,  the  instances  of  wise  and  benefi* 
cent  design  manifested  in  the  structure,  or  economy 
of  the  world.    The  enlarged  views  of  these,  which 
liis  geological    system   afforded,  appeared   to  Dr 
Button  himself  as  its  most  valuable  result*     They 
were  the  parts  of  it  which  he  contemplated  with 


greatest  delight ;  and  he  would  have  been  less  flat- 
tered,  by  being  told  of  the  ingenuity  and  origina- 
lity of  his  theory,  than  of  the  addition  which  it  had 
made  to  our  knowledge  oi  Jinal  causes*  It  was 
Datural,  therefore,  that  he  should  be  luirt  by  an 
attempt  to  accuse  him  of  opinions,  so  different  from 
those  which  he  had  always  taught  j  and  if  he  an- 
iwered  Mr  Kirwan's  attack  with  wannth  or  aspe- 
rity, we  must  ascribe  it  to  the  indignation  excited 
by  unmerited  reproach. 

120.  But  to  return  to  the  natural  history  of  the 
earth :  Though  there  be  in  it  no  dakit  from  which 
the  commencement  of  the  present  order  can  be  as- 
certaineilt  there  are  many  by  wliich  the  existence 
of  that  order  may  be  traced  back  to  an  antiquity 
extremely  remote.    The  beds  of  primitive  schistus, 
for  instance,  contain  sand,  gravel,  and  other  mate* 
rids,  collected,  as  already  shown,  from  tlie  dissolu- 
tion of  mineral  bodies  ;   which  bodies,  therefore* 
must  have  existed  long  before  the  oldest  part  of  the 
present  land  was  formed.     Again,  in  this  gravel 
We  sometimes  find  pieces  of  sandstone,  and  of  other 
compound  rocks,  by  which  we  are  of  course  car- 
ried back  a  step  farther,  so  as  to  reach  a  system  of 
things,  from  which  the  present  is  the  third  in  suc- 
cession ;  and  this  may  be  considered  as  the  most 
ancient  epoch  a,  of  which  any  memorial  exists  in 
the  records  of  the  fossil  kingdom, 

121.  Next  in  the  order  of  time  to  the  consolr- 
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dation  of  the  primary  strata,  we  must  place  their 
elevation,  when,  from  being  horizontal^  and  at  the 
bottom  of  the  sea,  they  were  broken,  set  on  edge, 
and  raised  to  the  surface.  It  is  even  probable,  as 
formerly  observed,  that  to  this  succeeded  a  depres- 
sion of  the  same  strata,  and  a  second  elevation,  so 
that  they  have  twice  visited  the  superior,  and  twice 
the  inferior  regions.  During  the  second  immer- 
sion, were  fomied,  first,  the  great  bodies  of  pud* 
ding-stone,  that  in  so  many  instances  lie  imme* 
diately  above  them ;  and  next  were  deposited  the 
strata  that  are  strictly  denominated  secondary. 

122.  The  third  great  event,  was  the  raising  up 
of  this  compound  body  of  old  and  new  strata  from 
the  bottom  of  the  sea,  and  forming  it  into  the  dry 
land,  or  the  continents,  as  they  now  exist.  *  Con- 
temporary with  this,  we  must  suppose  the  injection 
of  melted  matter  among  the  strata,  and  the  conse- 
quent formation  of  the  crystallized  and  unstratified 
rocks,  namely,  the  granite,  metallic  veins,  and 
veins  of  porphyry  and  whinstone.  This,  however, 
is  to  be  considered  as  embracing  a  period  of  great 
duration  j  and  it  must  always  be  recollected,  that 
veins  are  found  of  very  different  formation  ;  so  that 
when  we  speak  generally,  it  is  perhaps  impossible 
to  state  any  thing  more  precise  concerning  their  an- 
tiquity, than  that  they  are  posterior  to  the  strata, 

*  Note  xxi.    • 


and  that  the  veins  of  whinstone  seem  to  be  the 
most  lucent  of  all,  as  they  traverse  every  other, 

123.  In  the  fourth  place,  with  respect  to  time, 
we  must  class  the  facts  that  regard  the  detritus  and 
waste  of  the  land,  and  must  carefully  distinguish 
them  from  the  more  ancient  phenomena  of  the  mi- 
aeral  kingdom.  Here  we  are  to  reckon  the  shap- 
ing of  all  the  present  inequalities  of  the  surface ; 
the  formation  of  hills  of  gravel,  and  of  what  have 
been  called  tertiary  strata,  consisting  of  loose  and  un- 
consolidated materials  ;  also  collections  of  shells  not 
imiierfi}i2ed|  like  those  in  Touraine  ;  such  petrifac. 
tions  as  those  contained  in  the  rock  of  Gibraltar,  on 
the  coast  of  Dalmatia,  and  in  the  caves  of  Bayreuth* 
The  bones  of  land  animals  found  in  the  soil,  such 
ii  those  of  Siberia,  or  North  America,  are  proba- 
bly more  recent  than  any  of  the  former,  * 

124,  These  phenomena,  then,  ai-e  all  so  many 
marks  of  the  lapse  of  time,  araoog  which  the  prin- 
ciples of  geology  enable  us  to  distinguish  a  certain 
order,  so  that  we  know  some  of  them  to  be  more, 
mi  others  to  be  less  distant,  but  without  being  able 
ta  awsertain,  wnth  any  exactness,  the  proportion  of 
the  immense  intervals  which  separate  them.  These 
intervals  admit  of  no  comparison  with  the  astrono- 
mical measures  of  time  }  they  cannot  be  expressed 
by  the  revolutions  of  the  sun  or  of  the  moon  ;  nor 
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is  there  any  synchronism  between  the  most  recent 
epochas  of  the  mineral  kiagdom,  and  the  most  an- 
cient of  our  ordinary  chronology. 

125.  On  what  is  now  said  is  grounded  another 
objection  to  Dr  Hutton's  theory^  namely,  that  the 
high  antiquity  ascribed  by  it  to  the  earth,  is  incon- 
sistent  with  that  system  of  chronology  which  rests 
on  the  authority  of  the  Sacred  Writings.  Tliis  ol>- 
jectioQ  would  no  doubt  be  of  weight,  if  the  high 
antiquity  in  question  were  not  restricted  merely  to 
the  globe  of  the  earth,  but  were  also  extended  to 
the  human  mce.  That  the  origii  of  mankind  does 
not  go  back  beyond  six  or  seven  i.!iousand  years,  is 
a  position  so  involved  in  the  narrative  of  the  Mosaic 
books,  that  any  tiling  inconsistent  with  it,  would  no 
doubt  stand  in  opposition  to  the  testimony  of  those 
ancient  records*  On  this  subject,  however,  geolo- 
gy is  silent ;  and  the  history  of  arts  and  sciences, 
when  traced  as  high  as  any  authentic  monumenta 
extend,  refei-s  the  beginnings  of  civilization  to  a 
date  not  very  difFurcnt  from  that  which  has  just 
been  mentioned,  and  infinitely  within  the  limits  of 
the  most  recent  of  the  epochas,  marked  by  the  phy- 
sical revolutions  of  the  globe. 

On  the  other  hand,  the  authority  of  the  Sacred 
Books  seems  to  be  but  little  interested  in  what  re- 
gards the  mere  antiquity  of  the  earth  itself;  nor 
does  it  appear  that  their  language  is  to  be  under- 
stood literally  concerning  the  age  of  that  body,  any 
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more  than  concerning  its  figure  or  its  motion.  The 
theory  of  Dr  Hutton  stands  here  precisely  on  tlie 
gune  footing  with  the  system  of  Copernicus ;  for 
there  is  no  reason  to  suppose,  that  it  was  the  pur<> 
pose  of  revelation  to  furnish  a  standard  of  geological, 
any  more  than  of  astronomical  science.  It  is  ad- 
mitted, on  all  hands,  that  the  Scriptures  arc  not  in- 
tended to  resolve  physical  questions,  or  to  explain 
mutters  in  no  way  related  to  the  morality  of  human 
actions  ;  and  if,  in  consequence  of  this  principle,  a 
considerable  latitude  of  interpretation  were  not  al- 
lowed, we  should  continue  at  this  moment  to  be- 
lieve, that  the  earth  is  flat ;  that  the  sun  moves 
round  the  earth  j  and  that  the  circumference  of  a 
circle  is  no  more  than  three  times  its  diametcn 

It  IS  but  reasonable,  therefore,  that  we  should 
extend  to  the  geologist  the  same  liberty  of  specula- 
tion, which  the  astronomer  and  mathematician  ai^ 
already  in  possession  of ;  and  this  may  be  done,  by 
supposing  that  the  chronology  of  Moses  relates  only 
to  the  human  race-  This  liberty  is  not  more  ne- 
cessary to  Dr  Hutton  than  to  other  theorists.  No 
ingenuity  has  been  able  to  reconcile  the  natural 
history  of  the  globe  with  the  opinion  of  its  recent 
origin  ;  and  accordingly  the  cosmologies  of  Kirwan 
and  Deluc,  though  contrived  with  more  mineralo- 
gical  skill,  are  not  less  forced  and  unsatisfactory 
ihan  those  of  Burnet  and  Whiston. 
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126.  It  is  impossible  to  look  back  on  the  system 
which  we  have  thus  endeavoured  to  illustrate,  witli- 
out  being  struck  with  the  novelty  and  beauty  of  the 
views  which  it  sets  before  us.     The  very  plan  and 
BCGpe  of  it  distinguish  it  from  all  other  theories  of 
the  earth,  and  point  it  out  as  a  work  of  great  and 
original  invention.    The  sole  object  of  such  theories 
has  hitherto  been,  to  explain  the  manner  in  which 
the  present  laws  of  the  mineral  kingdom  were  first 
established,  or  began  to  exist,  without  treating  of 
the  manner  in  which  they  now  proceed,  and  by 
which  their  continuance  is  provided  for.     The  au- 
thors of  these  theories  have  accordingly  gone  back 
to  a  state  of  things  altogether  unlike  the  present, 
and  have  confined  their  reasonings,  or  their  fictions, 
to  a  crisis  i^Jiich  never  has  existed  but  once,  and 
which  never  can  return.    Dr  Hut  ton,  on  the  other 
hand,  has  guided  his  investigation  by  the  philoso- 
►  phical  maxim,  Causam  naturalem  ei  asskiuam  qwt- 
rimtiSt  non  rarmn  et  Jortuitam^     His  theory,  ac- 
cordingly, presents  us  with  a  system  of  wise  and 
provident  economy,  where  the  same  instruments  are 
continually  employed,  and  where  the  decay  and  re- 
novation of  fossils  being  carried  on  at  the  same  time 
in  the  different  regions  allotted  to  them,  preserve 
in  the  earth  the  conditions  essential  for  the  support 
of  animal  and  vegetable  life-     We  have  been  long 
accustomed  to  admire  that  beautiful  contrivance  in 

nature,  by  which  the  water  of  the  ocean,  drawn  up 
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ill  vapour  by  the  atmosphere,  imparts,  in  its  descent, 
fertiJity  to  the  earth,  and  hecomes  the  great  cause 
of  vegetation  and  of  life  ;  but  now  we  find,  that  this 
vapour  not  only  fertilizeSt  but  creates  the  soil  j 
prepares  it  from  the  solid  rock,  and,  after  employ- 
ing it  in  the  great  operations  of  the  surface,  carries 
it  back  into  the  regions  where  all  its  mineral  charac- 
ters are  renewed*  Thus,  the  cireulation  of  mois- 
ture through  the  air,  is  a  prime  mover,  not  only  in 
the  annual  succession  of  the  seasons,  but  in  the 
great  geological  cycle,  by  which  the  waste  and  re- 
production of  entire  continents  is  circumscribed* 
Perhaps  a  more  striking  view  than  this,  of  the  wis* 
dom  that  presides  over  nature,  was  never  presented 
by  any  philosophical  system,  nor  a  greater  addition 
ever  made  to  our  knowledge  of  final  causes.  It  is 
an  addition  which  gives  consistency  to  the  rest,  by 
proving,  that  equal  foresight  is  exerted  in  providing 
for  the  whole  and  for  the  parts,  and  that  no  less^ 
care  is  taken  to  maintain  the  constitution  of  the 
earth,  than  to  preserve  the  tribes  of  animals  and  ve- 
getables which  dwell  on  its  surface.  In  a  word,  it 
is  the  peculiar  excellence  of  this  theory,  that  it  as- 
cribes to  the  phenomena  of  geology  an  order  simi- 
lar to  that  which  exists  in  the  provinces  of  nature 
yixth  which  we  are  best  acquainted  ;  that  it  produces 
seas  and  continents,  not  by  accident,  hot  by  the 
operation  of  regular  and  uniform  causes ;  that  it 
makes  the  decay  of  one  part  subservient  to  the  re- 


140 


ILLUSTRAXrONS  OF  THE 


storation  of  another,  and  gives  stability  to  the 
whole,  not  by  perpetuating  individuals^  but  by  re- 
producing them  in  succession. 

127.  Again,  in  the  detail  of  this  theory,  and 
the  ample  induction  on  which  it  is  founded,  we 
meet  with  many  facts  and  observations,  either  en- 
tirely new,  or  hitherto  very  imperfectly  understood. 
Thus,  the  veins  which  proceed  from  masses  of  gra- 
nite, and  penetrate  the  incumbent  schist  us,  had 
either  escaped  the  observation  of  foniier  mineralo- 
gists, or  the  importance  of  the  phenomenon  had 
been  entirely  overlooked.  Dr  Hutton  has  describ- 
ed the  appearances  with  great  accuracy,  and  drawn 
from  them  the  most  interesting  conchisions.  At 
the  junction  of  the  primary  and  secondary  strata, 
the  facts  which  he  has  noted  had  been  observed  by 
others  ;  but  no  one  I  think  had  so  fully  under- 
stood the  language  which  they  speak,  or  had  so 
•  dearly  perceived  the  consequences  that  necessarily 
follow  from  them-  He  is  the  first  who  distinctly 
pointed  out  the  characters  which  distinguish  whin- 
stone  from  lava,  and  who  explained  the  true  rela- 
tion that  subsists  between  these  substances.  He 
also  discovered  the  induration  of  the  strata,  in  con- 
tact with  veins  of  whin,  and  the  charring  of  the 
coal  in  their  vicinity*  His  theory  also  enabled 
him  to  determine  the  affinity  of  whinstone  and  gn- 
nite  to  one  another,  and  their  relation  to  the  other 

great  bodies  of  the  mineral  kingdom. 
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To  the  observations  of  the  same  excellent  geolo- 
gist, we  are  indebted  for  the  knowledge  of  the  ge- 
neral and  important  fact,  that  all  the  hard  substan- 
ces of  the  mineral  kingdom,  when  elevated  into 
the  atTnospherCj  have  a  tendency  to  decay,  and  are 
subject  to  a  disintegration  and  waste,  to  which  no 
limit  can  be  set  but  that  of  their  entire  destnic* 
tion  5  that  po  provision  is  made  on  the  surface  Ibr 
repairing  this  waste,  and  that  there,  no  new  fossil 
is  produced  ;  that  the  fomiation  of  all  the  varied 
scenery  which  the  surface  of  the  earth  exhibits,  de- 
pends on  the  operation  of  causes,  the  momentary 
exertions  of  which  are  familiar  to  us,  though  we 
knew  not  before  the  effects  which  their  aecumulat* 
ed  action  was  able  to  produce.  These  arc  facts  in 
the  natural  history  of  the  earth,  the  discoveiy  of 
which  is  due  to  Dr  Hutton  ;  and,  should  we  lay  all 
further  speculation  aside,  and  consider  the  theory 
of  the  earth  as  a  work  too  great  to  be  attempted  by 
man>  we  must  still  regard  the  phenomena  and  laws 
just  mentioned,  as  fonning  a  solid  and  valuable  ad- 
dition to  our  knowledge. 

128,  If  we  would  compare  this  theory  with 
others^  as  to  the  invisible  agents  which  it  employs, 
we  must  consider,  that  fire  and  water  are  the  two 
powers  which  all  of  them  must  make  use  of,  so  that 
they  can  differ  from  one  another  only  by  the  way 
in  which  they  combine  these  powers.  In  Dr  Hut- 
ton's  system,  water  is  first  employed  to  deposit  and 
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arrange,  and  then  fire  to  consblidatet  mineralize, 
and  lastly,  to  elevate  the  strata ;  but,  with  respect 
to  the  unstnitified  or  crystallized  substances,  the  ac* 
tion  of  fire  only  is  recognised.  The  system  having 
least  affinity  to  this  is  the  Neptunian,  which  ascribes 
the  formation  of  all  minerals  to  the  action  of  water 
alone,  and  extends  this  hypothesis  even  to  the  nn- 
stratified  rocks.  Here,  therefore,  the  action  of  fire 
is  entirely  excluded ;  and  the  Neptunists  have  cer- 
tainly made  a  great  sacrifice  to  the  Idve  of  truth,  or 
of  paradox,  in  rejecting  the  assistance  of  so  power- 
ful an  auxiliary.  ^ 

139*  In  the  systems  which  employ  the  ageney 
of  the  latter  element,  we  are  to  look  for  a  greater 
resemblance  to  that  of  Dr  Hutton,  though  many 
and  great  marks  of  distinction  are  easily  perceived. 
In  the  cosmologies,  for  example,  of  Leibnita  and 
Buffon,  fire  and  water  are  both  employed,  as  veell 
as  in  this ;  but  they  are  employed  in  a  reverse  oiv 
der.  These  philosophers  introduce  the  action  of 
fire  first,  and  then  the  action  of  water,  which  is  to 
invert  the  order  of  nature  alti^ether,  as  the  conso- 
lidation of  the  rocks  must  be  posterior  to  their  stra- 
tification. Indeed,  the  theory  of  Buffon  is  mga^ 
larly  defective  :  besides  inverting  the  order  of  the 
two  great  operations  of  stratification  and  consolida- 
tion, and  of  course  giving  no  real  explanation  of 

*    NOTS  XXI II. 


HUTTONIAN  THEORY, 


143 


I 


L 


die  latter,  it  gives  no  acGoimt  of  the  elevation,  or 
Uglily  inclined  position  of  the  strata  ;  it  makes  no 
distixiction  betv^een  stratified  and  unstratified  bo- 
dies, uor  does  it  offer  any  but  the  most  unsatisfac- 
tory explanation  of  the  inequalities  of  the  earth's 
surface.  This  system,  therefore,  has  but  a  very 
distant  resemblance  to  the  Huttonian  theory*  * 

130,  The  system  of  Lazzaro  Moro  has  been  re- 
marked as  approaching  nearer  to  this  theory  than 
any  other  ;  and  it  is  certain,  that  one  very  im- 
partant  principle  is  common  to  them  both.  The 
dieory  of  the  Italian  geologist  was  chiefly  directed 
ta  the  explanation  of  the  remains  of  marine  animals, 
which  are  found  in  mountains  far  from  the  sea  ; 
and  it  appears  to  have  been  suggested  to  him  by  the 
phenomena  of  the  Campi  Phlegrm,  and  by  the 
production  of  the  new  island  of  Santorini  in  the 
Aitihipeligo.  He  accordingly  supposes,  that  the 
islands  and  continents  have  been  all  raised  up,  like 
the  above-mentioned  island,  from  the  bottom  of  the 
sea,  by  the  force  of  voiciniic  fire  :  that  these  fires 
began  to  burn  under  the  bottom  of  the  ocean,  soon 
after  the  creation  of  the  world,  when  as  yet  the 
ocean  covered  the  whole  earth  :  that  they  at  first 
<jevited  a  pmtion  of  the  laud  ;  and  in  this  primi* 
tife  land  no  shells  ai'e  founds  as  the  original  ocean 
destitute  of  fish.     The  volcanoes  continuing  to 
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burn,  under  the  sea,  after  the  creation  of  animated 
nature,  the  strata  that  were  then  raised  up  by  their 
action  were  full  of  shells  and  other  marine  objects ; 
and,  from  the  violence  with  whicli  they  were  ele- 
vated, arose  the  contortions  and  inclined  position 
which  they  frequently  possess.  * 

This  system  is  imperfect,  as  it  makes  no  peculiar 
provision  for  the  consolidation  of  the  strata,  which, 
according  to  it,  as  well  as  the  Neptunian  systemi 
must  be  ascribed  to  the  action,  not  of  tire,  but  of 
water.  No  account  is  given  of  the  mineralization 
of  the  shells  found  in  the  strata,  or  of  the  difference 
between  them  and  the  shells  found  loose  at  the  bot- 
tom of  the  sea ;  and  no  distinction  is  made  between 
stratified  and  unstratified  substances*  But,  with  all 
this,  Lazzaro  Moro  has  certainly  the  merit  of  hav- 
ing perceived,  that  some  other  power  than  that 
which  deposited  the  strata,  must  have  been  em- 
ployed for  their  elevation,  and  tliat  they  have  en- 
dured the  action  of  a  disturbing  force, 

131-  From  this  comparison  it  appears,  that  Dr 
Hutton's  theory  is  sufficiently  distinct,  even  from 
the  theories  which  approach  to  it  most  nearly,  to 
merit,  in  the  strictest  sense,  the  appellation  of  new 
and  origvtaL  There  are  indeed  few  inventions  or 
discoveries,  recorded  in  the  history  of  science,  to 

*  De  Crostacei,  e  degli  altri  Marjui  Corpi,  cbe  si  trovaaa 
iii*  Monti:  di  Atit  Lazs^aro  Muro,     Venczta.     17iO, 
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which  nearer  approaches  were  not  made  before  they 
were  fully  unfolded.  It  therefore  very  well  de- 
lenres  to  be  distinguished  by  a  particular  name  ; 
md^  if  it  behoves  us  to  follow  the  analogy  observed 
ill  the  names  of  the  two  great  systems,  which  at 
present  divide  the  opinions  of  geologists,  we  may 
join  Mr  Kirwan  in  calling  this  the  Plutonic  Sys- 
rEM.  For  my  own  part,  I  would  rather  have  it 
characterized  by  a  less  splendid,  but  juster  name, 
that  of  the  Huttonian  Theory, 

132.  The  circumstance,  however,  which  gives  to 
this  theory  its  peculiar  character,  and  exalts  it  in- 
finitely above  all  others,  is  the  introduction  of  the 
priBciple  of  pressure,  to  modify  the  effects  of  heat 
when  applied  at  the  bottom  of  the  sea.     This  is  in 
fict  the  key  to  the  grand  enigma  of  the  mineral 
ora,  where,  while  one  set  of  phenomena  indi- 
the  action  of  fire,  another  set,  equally  re- 
markable, seems  to  exclude  the  possibility  of  that 
action,  by  presenting  us  with  mineral  substances, 
in  such  a  state  as  they  could  never  have  been 
brought  into  by  the  operation  of  the  fires  we  see  at 
the  surface  of  the  earth.     These  two  classes  of 
phenomena  are  reconciled  together,  by  admitting 
the  power  of  compression  to  confine  the  volatile 
parts  of  bodies  when  heat  is  applied  to  them,  and 
to  force  them,  in  many  instances,  to  undergo  fu- 
sion, instead  of  being  calcined  or  dissipated  by  burn- 
ing or  inflammation.      In  this  hypothesis,  which 

TOI.«  I.  1^ 


1 


116 


ILLOdTHATtOMS  OF  TH£ 


some  affect  to  consider  as  a  principle  gratuitously 
assumed,  there  appears  ta  me  nothiog  but  a  very 
fair  and  legitimate  generalization  of  the  properties 
of  heat*     Combustion  and  inflammation  are  che- 
mical processes,  to  which  other  conditions  are  re- 
quired,  besides  the  presence  of  a  high  teraperature- 
The  state  of  the  mineral  regions  makes  it  reason- 
able to  presume,  that  these  conditions  are  wanting 
in  the  bowels  of  the  earth,  where,  of  consequence, 
we  have  a  right  to  look  for  nothing  but  expansion 
and  fusion,  the  only  eperations  which  seem  essen- 
tial to  heat,  and  inseparable  from  the  application 
of  it,   in  certain  degrees,  to  certain   substances- 
Though  this  principle,  therefore,  had  no  counte* 
nance  from  analogy,  the  admirable  simplicity,  and 
the  unity,  which  it  introduces  into  the  phenomena 
of  geology,  would  sufficiently  justify  the  applica- 
tion of  it  to  the  theoi-y  of  the  earth. 

As  another  excellence  of  this  theory,  I  may, 
perhaps,  be  allowed  to  remark,  that  it  extends  its 
consequences  beyond  those  to  which  the  author  of 
it  has  himself  adverted,  and  that  it  affords,  which 
no  geological  theory  has  yet  done,  a  satisfactory  ex- 
planation of  the  spheroidal  figure  of  the  earth-  * 

133.  Yet,  with  all  these  circumstances  of  origi- 
nality, grandeur,  and  simplicity  in  its  favour,  witi 
the  addition  of  evidence  as  demonstrative  as  the 
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nature  of  the  subject  will  admit,  this  theory  has 
probably  many  obstacles   to   overcome,   before   it 
meet  the  general  approbation.     The  greatness  of 
the  objects  which  it  sets  before  us,  alarms  the  iaia- 
gination  ;  the  powers  which  it  slipposes  to  be  lodged 
in  the  subterraneous  regions  ;  a  heat  which  has 
subdued  the  most  refractory  rocks,  and  has  melted 
beds  of  marble  and  quartz  ;   an  expansive  force, 
which  has  folded  up,  or  broken  the  strata,  and 
raised  whole  continents  from  the  bottom  of  the 
sea;  these  are  things  with  which,  however  certain- 
ly they  may  be  proved,  the  mind  cannot  soon  be 
lamtliarized.      The   change    and   movement  also, 
which  this  theory  ascribes  to  all  that  the  senses  de- 
clare to  be  most  unalterable,  raise  up  against  it  the 
same  prejudices  which  Ibrmerly  opposed  the  belief 
in  the  true  system  of  the  world  ;  and  it  affords  a 
curious  proof,  how  little  such  prejudices  arc  subject 
to  vary,  that  as  Aristarchus,  an  ancient  follower  of 
that  system,  was  charged  with  impiety  for  moving 
tlie  everlasting  Vesta  from  her  place,  so  Dr  Hut- 
ton,  Dearly  on  the  same  ground,  has  been  subjected 
to  the  very  same  accusation-     Even  the  length  of 
time  which  this  theory  regards  as  necessary  to  the 
revolutions  of  the  globe,  is  looked  on  as  belonging 
to  the  marvellous  ;   and  man,  who  finds  himself 
constmined  by  the  want  of  time,  or  of  space,  in  al- 
most ail  his  imdertakings,  forgets,  that  in  these,  if 
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in  any  thing,  the  riches  of  nature  reject  all  limita* 
tion,  "* 

The  evidence  which  must  be  opposed  to  all  these 
causes  of  incredulity,  cannot  be  fully  understood 
without  much  study  and  attention.  It  requires 
not  only  a  careful  examination  of  particular  in- 
stances, but  comprehensive  views  of  the  whole  phe- 
nomena of  geology  ;  the  comparison  of  things  very 
remote  with  one  another  ;  the  interpretation  of  the 
obscure  by  the  luminous^  and  of  the  doubtful  by 
the  decisive  appearances.  The  geologist  must  not 
content  himself  with  examining  the  insulated  spe- 
cimens of  his  cabioetj  or  with  pursuing  the  nice 
subtleties  of  mineralogical  arrangement ;  he  must 
study  the  relations  of  fossils,  as  they  actually  exist ; 
he  must  follow  nature  into  her  wildest  and  most  in- 
accessible abodes  ;  and  must  select,  for  the  places 
of  his  observations,  those  points,  from  which  the  va- 
riety and  gradation  of  her  works  can  be  most  ex- 
tensively and  accurately  explored.  Without  such 
an  exact  and  comprehensive  survey,  his  mind  will 
hardly  be  prepared  to  relish  the  true  theory  of  the 
earth.  "  Naturw  enim  vis  atque  majestas  omm- 
bus  momentisfide  carets  siquis  modo  partes  aiquc 
non  totam  compkctatur  animo/*  f 

134.  If  indeed  this  theory  of  the  earth  is  as 
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we]l  founded  as  ivc  suppose  it  to  be,  the  lapse  of 
time  must  necessarily  remove  all  objections  to  it, 
aod  the  progress  of  science  will  only  develope  its 
evidence  more  iully.  As  it  stands  at  present, 
though  true,  it  must  be  still  imperfect ;  and  it  can- 
not be  doubted,  that  the  great  principles  of  it, 
though  established  on  an  immoveable  basis,  must 
yet  undergo  many  modifications,  requiring  to  be  li- 
mited, in  one  place,  or  to  be  extended,  in  another, 
A  work  of  such  variety  and  extent  cannot  be  car- 
ried to  perfection  by  the  efforts  of  an  individual. 
Ages  may  be  required  to  fill  up  the  bold  outline 
which  Dr  Hutton  has  traced  with  so  masterly  a 
haod  ;  to  detach  the  parts  more  completely  from 
the  general  mass  ;  to  adjust  the  size  and  position 
of  the  subordinate  members  ;  and  to  give  to  the 
whole  piece  tlie  exact  proportiou  and  true  colour- 
ing of  nature. 

Tliis,  however,  in  length  of  time,  may  be  ex- 
pected  from  the  advancement  of  science,  and  from 
the  mutual  assistance  which  parts  of  knowledge, 
seemingly  the  most  remote,  often  afford  to  one 
another.     Not  only  may  the  obsen^ations  of  the 
mineralogist,   in  tracts  yet  unexplored,   complete 
the  enumeration  of  geological  facts  ;  and  the  expe- 
riments of  the  chemist,  on  substances  not  yet  sub- 
jected to  his  analysis,  afford  a  more  intimate  ac- 
quaintance with  the  nature  of  fossils,  and  a  measure 
of  the  power  of  those  chemical  agents  to  which 
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this  theory  ascribes  such  vast   effects ;  but   also, 
from  other  sciences,  less  directly  connected  with 
the  natural  history  of  the  earth,  much  information 
may  be  received.     The  accurate  geographical  maps 
and  surveys  which  are  now  making;  the  sounds 
ings;  the  observations  of  currents  ;  the  barometri- 
cal  measurements,  may  all  combine  to  ascert^iin  the 
reaiity,  and  to  fix  the  quantity  of  those  changes 
which  terrestrial  bodies  continually  undergo.  Every 
new  improvement  in  science  affords  the  means  of 
delineating  more  accurately  the  face  of  nature  as  it 
now  exists,  and  of  transmitting,  to  future  ages,  an 
account,  which  may  be  compared  with  the  face  of 
nature  as  it  shall  then  exist.     If,  therefore,  the 
science  of  the  present  times  is  destined  to  survive 
the  physical  revolutions  of  the  globe,  the  Hut- 
TONiAN  Theory  may  be  confirmed  by  historical 
record  ;  and  the  author  of  it  will  be  remembered 
among  the  illustrious  few,  whose  systems  have  been 
verified  by  the  obsen^ations  of  succeeding  ages, 
"ifcipported  by  facts  unknown  to  themselves,  and 
estabilslied  by  the  decisions  of  a  tribunal,  slow,  but 
infnllible,    in   distinguishing    between   truth   ani^ 
fidsehood. 


i 


NOTES  AND  ADDITIONS. 


Origin  of  Calcareous  Rocks, 


135.  It  has  been  asserted,  that  Dr  Hiitton 
went  farther  than  is  stated  at  §  2,  and  maintained 
all  calcareous  matter  to  be  originally  of  auimal 
formation.  This  position,  however,  is  so  far  from 
being  laid  down  by  Dr  Hutton,  that  it  belongs  to 
an  inquiry  which  he  carefully  avoided  to  enter  on, 
as  being  altogether  beyond  the  limits  of  philosophi- 
cal investigation. 

He  has  indeed  no  where  treated  of  the  ^rsi 
origin  of  any  of  the  earths,  or  of  any  substance 
whatsoever,  but  only  of  the  transformations  which 
bodies  have  undergone  since  the  present  laws  of 
nature  were  established.  He  considered  this  last 
as  all  that  a  science,  built  on  experiment  and  ob- 
serv^ation,  can  possibly  extend  to;  and  willingly 
left,  to  more  presumptuous  inquirers,  the  task  of 
carrying  their  reasonings  beyond  the  boundaries  of 
nature,  and  of  unfolding  the  properties  of  the  cha- 
otic fluid,  with  as  much  minuteness  of  detail,  as  if 
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ceed  in  infimtiwit  I  sliall  not  pretend  to  follow  him  ; 
but,  if  be  stops  any  where,  be  will  find  tbe  same^ 
argument  equally  to  occur/** 

Tbe  argument  here  employed  would  certainly 
conclusive  against  any  one,  wbo,  in  disputing  aboi 
the  Jirsi  origin  of  things,  should  deny  that  the  cal- 
careous is  as  ancient  as  any  other  of  the  simple, 
earths.  But  this  has  nothing  to  do  with  Dr  Hut 
ton's  speculations^  which,  as  has  been  just  said,  nev€ 
extended  to  the  J?r5/  origin  of  substances,  but  wer 
confined  entirely  to  tlieir  changes  ;  so  that  what  h€ 
asserts  concerning  the  calcareous  rocks,  is  no  raor 
than  that  those  which  we  now  see  have  been  for 
ed  from  loose  mate  rial  s,  deposited  at  the  bottom  of 
the  sea.  It  was  not  therefore  in  order  to  evade  Mr 
Kirwan*s  argument,  as  the  preceding  passage  would 
lead  us  to  believe,  that  he  supposed  the  world  which 
we  now  inhabit  to  have  arisen  from  the  ruin  and 
waste  of  an  anterior  world  ;  but  it  was  because  thi|M 
seemed  to  him  a  conclusion  which  necessarily  fol- 
lowed from  the  phenomena  of  geology,  and  it  was  a 
conclusion  that  he  had  deduced  long  before  he  heard 
of  Mr  Kirwan*s  objections  to  his  system.  Instc 
of  an  evasion,  therefore,  any  one  who  considers  the 
subject  fairly,  will  see,  in  Dr  Hutton's  reasoning, 
nothing  but  the  caution  of  a  philosopher,  who  wise- 
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Ij  confines  his  theory  within  the  same  limits  by 
which  nature  has  confined  his  experience  and  abser< 
vation*  *^ 

It  is  nevertheless  true>  that  Dr  Hutton  has  some- 
times expressed  himself  as  if  he  thought  that  the 
present  calcareous  rocks  are  all  composed  of  animal 
remains.  ♦  This  conclusion,  however,  is  more  ge- 
neral than  the  facts  warrant ;  and,  from  some  in- 
correctness or  ambiguity  of  language,  is  certainly 
more  general  than  he  intended-  The  idea  of  cal- 
careous rocks,  on  which  he  argues  throughout  his 
whole  theory,  is  precisely  that  which  is  stated  in 
the  preceding  article. 


Note  ii.  §  6. 


Origin  of  Coal* 


HB^37«  The  vegetable  origin  of  coal  seems  to  be 
[  sufficiently  proved  by  the  reaisoning  in  g  5  and  6 ; 
and  that  reasoning  will  appear  still  more  satisfactory, 
from  what  is  said  at  §  28  and  29>  concerning  the 
consolidation  of  this  fossil.  Dr  Hutton  has  treated 
both  of  the  matter  of  coal  and  of  its  consolidation. 
Part  I,  Chap*  8,  of  his  Theory  of  the  Earth,  f 

»  Theory  of  the  Earlh,  Voi.  I.  p.  23, 
Vol.  L  p.  558,  &c. 
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TJie  notion,  however,  that  coal  is  of  vegetable 
origin,  is  not  peculiar  to  this  theory,  but  has  been 
for  some  time  the  prevailing  opinion*  Buffon  sup- 
poses this  mineral  to  be  formed  from  vegetable  and 
animal  substances,  the  oil  and  fat  of  which  have  been 
converted  into  bitumen  by  the  action  of  acids*  * 
A  fundamental  mistake,  however,  is  committed  by 
this  author,  and  by  M.  Gensanne,  (author  of  the 
natural  history  of  Languedoc,)  on  whose  observa- 
tions he  greatly  relies,  in  considering  coal  as  con- 
sisting of  bitumen  united  to  earth,  thus  omitting  the 
ouly  ingredient  essential  to  coal,  namely  the  carbon 
or  charcoaL  This  may  truly  be  considered  2ls  the 
essential  part,  because  coal  may  exist  without  bitu- 
men, as  in  the  instance  of  blind  coal,  but  not  with- 
out  charcoaL 

Another  theoiy  of  coal,  very  analogous  to  Dr 
Hutton's,  is  that  of  Arduino,  professor  of  mineralo- 
gy at  Venice,  in  which  he  supposes  it  formed  from 
vegetable  and  animal  remains  from  the  land  and 
sea,  but  chiefly  from  the  latter,  t  This  theory  of 
coal  is  contained  in  Ur  Hutton*s,  in  which  the  ani- 
mal and  vegetable  remains  must  be  supposed  to 
come  both  front  the  earth  and  the  sea.  It  seems  to 
be  without  any  good  reason  that  Arduino  considers 


•  Hist.  Xat.  des  Mineraux,  Tom*  I*  p.  429,  ^^o  edit, 
f   Sa^gio  Fisico-miaeralogico   del    Sig,   Gtov.   Arduino ; 
Aiti  di  Sieaa,  Tom,  V.  p,  *i28»  281,  ^c* 
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the  sea  as  the  chief  source  of  these  materials.  His 
remarks,  however,  are  very  ingenious,  and  deserv- 
ing of  attention. 

These  accounts  of  the  origin  of  coal  are  all  near- 
ly the  same  j  it  is  in  what  relates  to  the  distinction 
between  the  common  coal,  in  whicli  there  is  no 
ligneous  structure,  and  tho^  varieties  of  it  in  which 
that  structure  is  apparent,  and  again  in  explaining 
the  consolidation  of  both,  that  the  theory  laid  down 
bere  is  pecuUar* 

1 38,  Some  other  mineralogists  refer  one  of  the 
ingredients  of  coal  to  the  vegetable  kingdom,  but 
not   the  other.      Unable  to  resist  the  conviction 
which  arises  from  the  fibrous  structure  of  parts  of 
strata,  and  even  entire  strata  of  coal,  they  have  sup- 
posed, that  wood,  which  had  been  somehow  buried 
in  the  earth,  or  perhaps  deposited  at  the  bottom  of 
the  sea,  had  bec?ome  impregnated  with  bitumen, 
which  last,  however,   they  consider  as  of  mineral 
origin.     This  appears  to  be  the  opinion  of  Leh- 
man, and  also  of  some  very  late  writers.     There 
seems,  however,  to  be  hardly  less  reason  for  refer- 
ring the  origin  of  one  part  of  coal  to  the  vegetable 
or  animal  kingdom  than  another.     The  two  last 
are  certainly  capable  of  furnishing  both  the  carbo- 
nic and  bituminous  parts  ;  and  therefore,  to  derive 
these    from    different  sources,  is  at  least  a    very 
unnecessary  complication  of  hypotheses. 

139.  Another  explanation   of  coal,   very   dif- 
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ferent  from  any  of  the  preceding,  has  lately  been 
advanced  and  set  up  in  opposition  to  the   Hutto- 
I  Bian  Theory,     Mr   Kirwan,  *  the   only  minera- 
[logist,  I  believe,  who  has  attempted  to  derive  both 
the  carbonic  and  faitiiminous  matter  of  coal  from 
the  mineral  kingdom,  distinguishes  between   wood 
coal  and  mineral  coal,  and  gives  a  theory  entirely 
new  of  the  formation  of  the  latter*     Wood  coal 
is  that  in  which  the  ligneous  structure  is  so  appa- 
rent, as  to  leave  no  doubt  of  its  vegetable  origin  ; 
mineral  coal  is  that  in  which  no  such  structure  can 
be  discovered,  and  is  the  same  which  Dr  Hutton 
derives  from  the  vegetable  juices,  and  other  re- 
mains, comminuted,  dispersed,  carried  into  the  sea, 
and  there  precipitated,  so  as  to  unite  with  different 
proportions  of  earth,    and   to  become  afterwards 
mineralized* 

These  two  species  of  coal,  which  the  Huttonian 
theory  considers  as  gradations  of  the  same  sub- 
stance, Mr  Kir  wan  regards  as  perfectly  di8tinct, 
constituting  two  minerals,  of  an  origin  and  tbrma* 
tion  entirely  different.  He  therefore  endeavours 
to  ascertain  the  distinguishing  characters  of  each, 
considered  geologically. 

140p  But  here  the  leading  distinction,  implied 
in  all  the  rest,  that  the  two  kinds  of  coal  are  never 
found  in  the  same  bed,  but  always  in  different 
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situations^  and  with  difFerent  laws  of  stratification, 
18  expressly  contradicted  by  matter  of  fact.     Coal, 
as  is  said  above,  with  its  ligneous  texture  quite  ap- 
pirent,  and  coal  with  no  such  structure  visible, 
are  often  found  in   tlie  same  seam,  are  brought 
up  from  the  same  mine,  and  united  in  the  same 
specimen,      I  have  a  specimen  from  a  bed  of  coal, 
ia  the  Isle  of  Sky,  found  under  a  basaltic  rock, 
consisting  of  a  ligneous  part,  which  graduates  into 
one  in  which  there  is  no  vestiije  of  a  fibrous  texture, 
and  in  which  the  surface  is  smooth  and  glossy, 
trith  a  fracture  almost  vitreous*     The  upper  part 
of  the  specimen  is  therefore  perfect  wood  coal,  and 
the  under  part  perfect  mineral  coal,  in  the  lan- 
guage of  Mr  Kirwan  ;  at  the  same  time  that  the 
transition  from  the  one  to  tlie  other  is  made  by 
insensible  degrees.     This  specimen,  were  it  per- 
fectly solitary,  is  sufficient  to  prove  the  identity  of 
the  two  species  of  coal  we  are  now  speaking  of, 
wd  ta  show,  that  the  difference  between  them  is 
iccidental,  not  essential.     The  specimen,  however, 
ii  for  from  being  solitary  ;  the  number  of  similar 
appearances  is  so  great,  as  hardly  to  have  escaped 
the  observation  of  any  mineralogist.     Mr  Kinvan 
admits,  that  wood  coal  is  often  found  under  basal- 
tes ;  *  but  what  is  essential  to  be  remarked  is,  that, 
ill  thi*  instance,  we  have  both  the  wood  coal  and 
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the  common  mioeral  coal,  lying  under  that  rock, 
and  the  one  passing  gradually  into  the  other.  It 
appears,  indeed^  that  many  of  the  facts  which  Mr 
Kirwan  produces,  in  treating  of  what  he  calls  car* 
honijirous  soils,  are  quite  inconsistent  with  the 
distinction  he  would  make  between  wood  coal  and 
mineral  coal.* 

141.  It  is,  however,  true,  that  there  are  in* 
stances  in  which  the  wood  coal,  or  fossil  wood,  as 
it  is  usually  called,  forms  entire  beds,  quite  un* 
connected  with  the   ordtniuy  coal,   and  stratified 
in  some  respects  difFerently,     Such  is  the  Bovey 
coal  in  Devonshire,  the  wood- coal  in  the  north  of 
Ireland,  and  perhaps  the  Surturbrandt  of  Iceland. 
With  respect  to  the  Bovey  coal,  it  does  by  no 
means  answer  to  one  of  Mr  Kirwan's  remarks,  viz, 
that  late    observations  have  ascertained,  that  no 
such  parallelism  of  the  beds,  as  tn  mineral  coal, 
nor  even  any  distinct  number  of  strata,  is  found. 
In  the  Bovey  coal,  the  number  of  strata  is  very 
well  defined,  by  beds  of  clay  regularly  interposed ; 
but  as  to  the  extent  of  these  beds,  the  coal  having 
been  worked  only  at  one  place,  and  by  an  open 
pit,  without  any  exteni'ive  subterraneous  excava- 
tion, nothing  is  known  with  certainty. 

In  the  Bovey  coal  too,  I  must  observe,  though 
its  beds  have  the  ligneous  structure  very  distinct, 
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ibe  clay  interposed  between  these  beds,  which  is 
but  little  indurated}  contains  a  great  deal  of  coaly 
V  in  the  form  of  thin    flakes,   interspersed 
through  it.     So  far  as  I  know,  there  are  no  mine- 
Tdl  veins  nor  shifts,  nor  any  bed  of  indurated  stone, 
that  accompany  this  coal ;  so  that,  though  one  can- 
not doubt  of  its  vegetable  origin,  some  doubt  may 
be  entertained  concerning  the  nature  of  the  mine* 
ralizing  operations,  to  which  it  has  been  subjected. 
The  consideration  of  these,  however,  does  not  be- 
long to  the  present  argument ;  and  the  peculiari- 
Ities  of  this  semi-mineralized  coal,  as  it  may  be  call- 
ed, lure  nothing  to  do  with  the  general  question, 
whether  wood  coal  and  mineral  coal  are  the  same 
nbrtance  j  about  which  question,  if  the  gradations 
are  property  considered,    [  think,   no  reasonable 
doubt  can  remain. 

1142.  One  of  Mr  Kirwan's  objections  to  the  ve- 
getable origin  of  coal,  is  founded  on  this  fact,  that 
there  b,  in  the  museum  at  Florence^  a  cellular 
sandstone,  the  cells  of  which  are  filled  vrith  genuine 
mmeral  coal.  **  Could  this  (adds  he)  have  been 
originally  wood  ?"  *  The  answer  to  the  interroga- 
tory proposed  here  as  a  reduclio  ad  absurdum^  is, 
that  most  undoubtedly  it  may  have  been  wood. 
Smdfltf^nff  with  charred  wood,  that  is^  with  wood- 
coal  in  it,  is  not  an  uncommon  phenomenon  in  coal 
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countries.  I  have  seen  a  specimen  of  this  kind 
from  the  Hales  Quarry,  near  Edinburgh,  consisting 
of  a  piece  of  charred  wood,  imbedded  in  sandstone; 
the  wood  was  much  altered,  but  the  remains  of  its 
fibrous  structure  were  distinctly  visible.  This  af- 
fords a  perfect  commentary  on  the  specimen  in  the 
Florence  cabinet. 

143.  If  then  it  be  granted,  as  I  think  it  must, 
that  the  two  kinds  of  coal  we  have  been  speaking  of 
are  of  the  same  origin,  it  is  not  very  necessary  to 
enter  on  a  refutation  of  Mr  Kirwan's  theory  with 
respect  to  either  of  them.  His  account  of  the  for- 
mation of  mineral  coal,  however,  is  so  singular^  that 
it  cannot  be  passed  over  without  remark. 

Mr  Kirwan  supposes,  Imo,  That  natural  carbon 
was  originally  contained  in  many  mountains  of  the 
granite  and  porphyritic  order,  and  also  in  siliceous 
schistus  ;  and  might,  by  disintegration  and  decom- 
position, be  separated  from  the  stony  particles.  Sdo, 
That  both  petrol  and  carbon  are  often  contained  in 
trap,  since  hornblende,  which  has  lately  been  found 
to  contain  carbon,  very  frequently  enters  into  its 
composition. 

<'  My  opinion  (adds  he)  is,  that  coal  mines,  or 
strata  of  coal,  as  well  as  the  mountains  in  which 
they  are  found,  owe  their  origin  to  the  disintq[n- 
tion  of  primeval  mountains,  either  now  totally  de-    I 
stroyed,  or  whose  height  and  bulk,  in  consequence  of    | 
such  disintegration,  are  considerably  lessened ;  and 
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rocks,  anciently  dcstraycd,   contained 
probably  a  far  larger  proportion  of  carbon  and 
irol  than  those  of  the  same  denomination  now 
Dntaini  since  their  disintegration  took  place  at  m 
ly  a  period*  * 

^*  By  the  decomposition  of  these  mountains,  the 
jdspar  and  hornblende  were  converted  into  clay  j 
le  bituminous  paiticlcs,  thus  set  free,  reunited, 
m1  were  absorbed,  partly  by  the  argil,  but  chieHy 
f  the  carbonaceous  matter,  with  which  they  have 
greatest  affinity.  The  carbonic  and  bituminous 
rtieles,  thus  united,  being  difficultly  miscible  with 
Her,  and  specifically  heavier,  sunk  through  the 
ist,  pulpy,  incoherent  argillaceous  masses,  and 

ed  the  lowest  stratum,"  &c. 
Such  18  Mr  Kirwan's  theory  of  the  formation  of 
I,  and  nobody  I  think  will  dispute  the  origiaali- 

it. 
144.  To  enter  on  a  formal  refutation  of  an  opi- 
n  so  loaded  w^th  objections,  would  be  a  task  as 
te  as  unnecessary,     A  few  observations  will 
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fThe  notion  of  the  great  degradation  of  uioun- 
involved  in  this  hypothesis,  is  the  part  of  it 

I  which  I  am  least  disposed  to  object.  But  I  can- 
help  reminding  Mr  Kirwan,  that  the  effects  of 
are  not  supposed  less  in  this,  than  in  Or 
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Mutton's  theory ;  and  that  he  has  assumed  the 
very  principle,  of  which  that  theory  makes  so  niuch 
use,  though  he  has  reserved  to  himself,  as  it  should 
seem,  the  right  of  denymg  it,  when  it  does  not  ac- 
cord with  his  system.  It  is  indeed  worth  while  to 
compare  what  is  said  concerning  the  degradation  of 
mountains,  in  the  above  quotations,  and  still  more 
fully  in  the  book  itself,  with  what  is  advanced  con- 
cerning their  indestructibility,  in  another  passage 
of  the  same  volume  :  * 

**  All  mountains  are  not  subject  to  decay ;  for 
instance,  scarce  any  of  those  that  consist  of  red 
granite.  The  stone  of  which  the  Runic  rocks  are 
formed,  have  withstood  decomposition  for  two 
thousand  years,  as  their  characters  evince,**  &c. 

•*  Basaltic  pillars,  in  general,  bid  defiance  to  de- 
cay,** &c.  He  goes  on  to  deny  every  step  of  the 
degradation  of  land,  by  which  it  is  wasted,  carried 
into  the  sea,  and  spread  out  over  its  bottom,  though 
alt  these  are  necessary  posttdata  in  his  theoiy  of  j 
the  foruKition  of  coal.  One  can  be  at  no  loss  about 
estimating  the  value  of  a  system,  in  which  such 
gross  inconsistencies  make  a  necessary  part* 

145.  The  quantity  of  hornblende  and  siliceous 
schistus,  necessary  to  be  decomposed,  in  order  tQ 
produce  the  coal  strata  presently  existing,  is  enor* 
mous,  and  would  lead  to  an  estimate  of  what  i| 


worn  away  from  the  priineval  mountains,  far  ex- 
ceeding any  thing  that  Dr  Hutton  has  supposed. 
It  is  true,  that  Mr  Kirwan,  never  at  all  embarrassed 
about  preserving  a  similitude  between  nature  as  sbeis 
now,  and  as  she  was  heretofore,  lays  it  down,  that  the 
part  of  the  primeval  mountains  which  is  worn  away, 
contained  much  in  ore  carbon  than  the  pai^t  which 
bleft  behind.     This,  however,  is  an  arbitrary  sup- 
position ;  and  since,  in  this  system,  such  supposi* 
lions  are  so  easily  admitted,  why  may  we  not  con- 
ceive, in  the  primeval  mountains,  a  more  copious 
source  of  carbonic  matter  than  hornblende  or  sili- 
ceous schistufi  ?    We  have  but  to  imagine,  that  tlie 
diamond  existed  among  these  mountains  in  such 
abundance,  as  to  constitute  large  rocks.     This  stone 
being  made  up  of  pure,  or  highly  concentrated  car- 
bon, the  adamantine  summits  of  a  single  ridge,  by 
their  decomposition,  might  afford  a  carbonic  basis, 
sufficient  for  the  coal  beds  of  ail  the  surrounding 
pltiiis* 

li6.  We  may  also  object  to  Mr  Kirwan,  that 
the  siliceous  part  of  the  mountains  has  not  been 
chemically  dissolved;  it  has  been  only  abraded 
and  worn  away»  Mechanical  action  has  reduced 
the  quarts  to  gravel  and  sand,  but  has  not  produc- 
ed on  it  any  chemical  change.  The  carbon,  there- 
fore, could  not  be  let  loose*  Experiment,  indeed, 
might  be  employed,  to  detennine  whether  the  sili- 
ceous matter  of  the  secondai*y,  and  of  the  priniary 
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gtrata  contains  this  substance  in  the  same  propor- 
tion. 

Again,  a  more  fatal  symptom  can  hardly  be  ima- 
gined in  any  theory,  than  that,  when  the  circum- 
stances of  the  phenomena  to  be  explained  are  a  liU 
He  changed,  the  theory  is  under  the  necessity  of 
changing  a  great  deaL  Now,  this  is  what  hap- 
pens to  Mr  Kirwan's  theory,  in  the  attempt  made 
to  explain  by  it  the  stratum  of  coal  described  in 
the  A^inaks  de  Chimky  *  4is  cutting  a  mountam  of 
argillaceous  strata  in  two,  at  about  three-fourths  of 
its  height-  This  stratum,  Mr  Kinvan  says,  must 
have  been  formed  by  transudation  from  the  supe- 
rior part  of  the  mountain,  t  Besides  that  this  is  a 
gratuitous  supposition  of  a  thing,  without  example^ 
it  involves  in  it  an  absurdity,  which  becomes  evi- 
dent the  moment  the  questiou  is  asked.  What  oc- 
cupied the  phice  of  the  coal-bed  before  the  transu- 
dation from  the  upper  part  of  the  mountain  ?  Has 
the  liquid  coal^  as  it  percolated  through  the  upper 
strata,  expelled  any  substance  from  the  place  it  now 
occupies  ?  or  has  it  been  powerful  enough  to  raise 
up,  or  to  float,  as  it  were,  the  upper  part  of  the 
mountain  ? 

The  situation  of  this  bed  of  coal  is  not  singular, 
and  its  formation  is  easily  explained  on  Dr  Hut- 
ton's  theory.      It  is  part  of  a   stratum  of  coal, 


I 


•  Tom.  XI.  p.  «72. 


f  Geol.  Esaajs^  p.  5s8» 


which  has  been  deposited,  like  all  others,  at  the 
bottom  of  the  sea  ;  from  whence  certain  causesi  of 
very  general  operation,  have  raised  it  up,  together 
with  the  attending  strata  :  these  strata  have  since 
been  all  cut  down,  and  worn  away  by  the  opera- 
tions of  the  surface  ;  and  tbe  mountain,  with  the 
coal  stratum  in  the  middle  of  it,  is  a  part  of  them 
which  has  been  left  behind.  There  is  no  wonder, 
that  a  coal  stratum  should  be  found  alternating 
with  others,  in  a  mountain,  any  more  than  in  the 
bowels  of  the  earth,  and  no  more  need  of  a  separate 
eicplanation.  * 

147.  After  all,  it  may  be  asked,  for  what  pur- 
pose is  it  that  so  many  incongruous  and  ill  support- 
ed hypotheses  are  thus  piled  on  one  another  ?  is  it 
only  to  avoid  ascribing  the  carbonic  and  bitumi- 
nous matter  of  coal  to  a  substance  in  which  we 
know^  with  certainty  that  such  matter  resides  in 
great  abundance,  in  order  to  derive  it  from  other 
substances,  in  which  a  subtle  analysis  has  shown, 
that  it  exists  in  a  veiy  small  proportion  ?  Such 
reasoning  is  so  great  a  trespass  on  every  principle 
of  common  sense,  not  to  say  of  sound  philosophy, 
that,  to  bestow  any  time  on  the  refutation  of  it,  is, 
in  some  degree,  to  fall  under  the  same  censure. 


y 


•  This  stratum  of  coal,  which  is  describetl  by  Hassenfralz, 
la  remarkable  for  being  in  a  moimCain  which  rests  immedi- 
ately on  primary  scbistus  ami  granite. 
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Note  ui.  §  7- 
Primitive  Mountains. 


148.  The  enumeration  of  the  different  kinds  of 
primary  schistus,  at  §  7»  is  not  proposed  as  at  all 
complete.  It  will  be  less  defective,  however,  if 
we  odd  to  it  talcose  schistuSy  and  lapis  ollaris  or 
poistone*  • 

149»  The  rocks  called  here  by  the  name  of  pri. 
mary,  were  first  distinguished,  as  forming  the  basis 
of  all  the  great  chains  of  mountains,  and  as  consti- 
tuting a  separate  division  of  the  mineral  kingdom, 
by  J.  G.  Lehman,  director  of  the  Prussian  mines. 
See  his  work,  entituled,  Essai  d'une  Histoire  Na- 
ture! Ic  des  Couches  de  la  Terre.  t  These  rocks 
were  regarded  by  Lehman  as  parts  of  the  original 
nucleus  of  the  globe,  which  had  undergone  no  al- 
teration, but  remained  now  such  as  they  were  at 
first  created ;  and,  agreeably  to  this  supposition, 
he  bestowed  on  them,  and  on  the  mountains  com- 
posed of  them,  the  name  of  primitive.  He  re- 
marks, nevertheless,  their  distribution  into  beds, 
cither  perpendicular  to  the  horizon,  or  highly  in- 
clined,  and  the  super-position  of  the  secondary 


•  Kirwan's  Mineralogy^  Vol-  L  p.  155. 
^f  Tom.  IIL  p.  259,  &c.     The  Frendi  translation  ib  ii| 
1759^  but  the  original  preface  is  dated  al  Berlin,  1756. 
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id  horizontal  strata.  However  mineralogists 
ly  now  differ  in  their  theories  from  Lehman, 
they  must  consider  this  distinction  as  a  great  step 
in  the  science  of  geology,  and  very  material  to  the 
right  arnngeraent  of  the  natural  history  of  the 
earth. 

150.  Several  mineralogists  have  agreed  with  him 
in  the  supposition,  that  these  rocks  are  a  part  of 
the  original  structure  of  the  globe,  and  prior  to  all 
organized  matter.  Of  this  number  is  Pallas ;  * 
and  also  Deluc^  who  applies  the  term  primordial 
to  the  rocks  in  question,  aud  considers  them  as  nei- 
ther stratified  nor  formed  by  water,  t  In  his  sub- 
flequent  writings,  however,  he  admits  their  forma- 
tion from  acpeous  deposition,  as  the  Neptunists  do 
ia  general,  but  holds  them  to  be  more  ancient  than 
organized  bodies. 

151*  Pini,  professor  of  natural  history  at  Mi- 
lan, has  denied  the  stratification  of  primitive  moun* 
Imns,  m  a  memoir  on  the  mineralogy  of  St  Go- 
tbard,  and  in  another  on  the  revolutions  of  the 
globe,  t  His  reasonings  are  opposed  by  Saussure,  § 


•    Observations  sur  la  Formation  des  Montagnes, 
f  Lettres  Pbys.  eur  rHistoire  de  la  Terre,  Tom,  IL  f, 
206. 

i  J  Memoria  aulle  Rivoluxiooi  del  Globo  Terrefitre ;  Me; 

'        morie  della  Societa  Itallana,  Tom,  V.  p.  222,  &c. 
§  VoyagcB  aux  Alpes^  Tom.  IV.  §  18SL 
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and  are  certainly,  in  many  respects,  very  open  to 
attack.  They  proceed  on  a  comparison  between 
the  division  of  rocks,  by  what  is  called  the  planes 
of  their  stratification,  and  their  division  by  trans- 
verse fissures  :  two  thin{j;s,  which  he  thinks  so 
much  alike,  that  they  ought  not  to  be  referred  to 
different  causes  ;  and,  as  the  one  cannot  be  re- 
garded as  the  effect  of  aqueous  deposition,  so  nei- 
ther should  the  other.  This  is  a  very  fallacious 
argument,  because  it  confounds  two  things  that  are 
essentially  different;  and>  instead  of  inquiring 
about  a  matter  of  fact,  inquires  about  its  cause. 
The  truth  is,  that  the  dispute  has  arisen  from  not 
distinguishing  the  granite  from  the  schistus  moun- 
tains, and  from  involving  both  under  the  name  of 
primitive.  M»  Pini  seems  to  be  in  the  right,  when 
he  holds  the  granite  of  St  Gothard  to  be  unstrati* 
lied  ;  but  it  is  without  any  gootl  rciisoo,  that  he 
would  extend  the  same  conclusion  to  the  schistus 
of  that  mountain.  Charpentier,  and  Saussure,  in 
his  last  two  volumes,  contend  even  for  the  stratifi- 
cation of  granite^  * 

As  the  consent*  if  not  universalj  is  very  general 
for  the  stratification  of  the  primary  schistus,  and 
the  fact  itself  abundantly  obvious,  in  almost  all 
the  instances  I  have  ever  met  with,  I  have  not 
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•  See  Note  xv«  on  Graoite* 
11 


UUTTONIAN  THI50RV. 


173 


considered  it  as  necessary  to  enter  here  into  any 
argument  on  this  subject  • 


Note  iv.  §  8. 
Primary  Strata  not  Primithe. 


152*  An  account  of  the  facts  refen-ed  to  §  8, 
may  be  foBbd  in  Button's  Theory,  Vol.  L  p,  332, 
&c.  To  what  is  there  said,  of  the  shells  contained 
in  the  primary  limestone  of  Cumberland,  I  must 
add,  that  I  have  since  had  an  opportunity  of  veri- 
fying the  conjecture,  that  the  limestone  rock,  in 
which  the  shells  were  found,  near  the  head  of  Co* 
uiston  Lake,  is  part  of  the  same  body  of  strata, 
where  shells  were  found,  in  a  quarry  between  Am- 
bleside and  Low- wood.  The  limestone  of  that 
quarry  contains  several  marine  objects  ;  it  is  in 
strata  declining  about  10'  from  the  perpendicular, 
toward  the  S.  E,,  and  forms  a  belt,  stretching 
across  the  country  from  N*  E.  to  S*  W. 

In  a  quarry  where  the  argillaceous  schistus,  on 
the  south  side  of  this  limestone  belt,  is  worked  for 
pavement,  are  impressions  of  what  I  think  may 
safely  be  accounted  marine  objects  ;  they  have  the 
form  of  shells,  are  much  indurated,  and  full  of 
pyrites.     Tliey  seem  to  be  of  the  same  kind  with 


J 


the  irapressioos  said  to  be  found  in  a  slate  quarry, 
near  the  village  of  Mat  in  iSwitzerland.  * 

Another  spot,  affording  instances  of  shells  in  pri- 
maiy  limestone,  is  in  Devonshire-  On  the  sea 
shore  on  the  east  side  of  Plyrnouth  Dock,  opposite 
to  Stonehonse,  I  found  a  specimen  of  schistose  mi- 
caccous  limestone,  containing  a  shell  of  the  bivalve 
kind  :  it  was  struck  off  from  the  solid  rock,  and 
cannot  possibly  be  considered  as  an  adventitious 
fossiL 

Now,  no  rocks  can  be  more  decid^jw  primary 
than  those  about  Plymouth.  They  consist  of  cal- 
careous strata,  in  the  form  either  of  marble  or  mi- 
caceous limestone,  alternating  with  varieties  of  the 
same  schistus,  which  prevails  thrt>6gh  Cornwall  to 
the  west,  and  extends  eastward  info  Dartmoor,  and 
on  the  sea  coast,  as  far  as  the  Berry-head.  These 
all  intersect  the  horizontal  plane,  in  a  line  from 
east  to  west  nearly  ;  they  are  very  erect,  those  at 
Plymouth  being  elevated  to  the  north. 

Though,  therefore,  the  remains  of  marine  ani* 
mala  are  not  frequent  among  the  primaiy  rocks, 
they  are  not  excluded  from  them  ;  and  hence  the 
existence  of  shellfish  and  zoophytes,  is  clearly  prov- 
ed to  be  anterior  to  the  formation  even  of  those 
parts  of  the  present  land  which  are  justly  account- 
ed the  most  ancient. 


HuttOG's  Theary,  Vol.  L  p.  327. 
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153.  The  rocks  which  contain  sand  or  gravel,  or 
which  are  of  a  granulated  texture,  must  also  be 
considered  as  carrying  in  themselves  a  testimony  of 
the  most  unequivocal  kind,  of  their  being  derived 
from  the  detritus  and  waste  of  former  rocks.  Now, 
the  fact  stated  in  the  text,  conceraing  sand  found 
in  achi^tus,  most  justly  accounted  primary,  might 
be  exemplified  by  actual  reference  to  many  spots  on 
the  earth's  surface.  A  few  such  will  be  sufficient 
in  this  place* 

St  Gothard  is  a  central  point,  in  one  of  the 
greatest  tracts  of  primary  mountains  on  the  face  of 
the  earth)  yet  arenaceous  strata  are  found  in  its  vi- 
cinity. Between  Airolo  and  the  Hospice  of  St 
Gothard,  Saussure  found  a  rock,  composed  of  an 
arenaceous  or  granular  paste,  including  in  it  horn- 
blende and  garnets.  He  is  somewhat  unwilling  to 
give  the  name  gris  to  this  stone,  which  M*  Besson 
had  done  ;  but  he  nevertheless  describes  it  as  hav- 
ing a  granulated  structure.  * 

Among  the  most  indurated  rocks  that  compose 
the  mountains  of  this  island,  many  are  arenaceous. 
Thus,  on  the  western  coast  of  Scotland,  the  great 
body  of  high  and  rugged  mountains  on  the  shores 
of  Arasaig,  &c,  from  Ardnamurchan  to  Glenelg, 
consists,  in  a  great  measure,  of  a  granitic  sandstone, 
in  vertical  beds.     This  stone  sometimes  occupies 
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great  tracts  ;  at  other  times  it  is  alternated  with 
the  micaceous,  or  other  varieties  of  primary  schis- 
tus  J  it  occurs,  likewise,  in  several  of  the  islands, 
and  is  a  fossil  which  we  hardly  find  described  or 
named  hy  the  writers  on  mineralogy*  Much,  also, 
of  a  highly  indurated^  but  granulated  quartz,  is 
found  in  several  places  in  Scotland,  in  beds  or 
strata,  alternated  with  the  common  schist  us  of  the 
mountains.  Remarkable  instances  of  this  may  be 
seen  on  the  north  side  of  the  ferry  of  BalachuUsh, 
and  again  on  the  sea  shore  at  Cullen.  At  the  lat- 
ter, the  strata  are  remarkably  regular,  alternating 
with  different  species  of  schistus.  At  the  former, 
the  quartz  is  so  pure,  that  the  stone  has  been  mis- 
taken for  marble. 

These  examples  are  perhaps  suflScient ;  but  I 
must  add,  that  in  the  micaceous  and  taleose  schisti 
themselves,  thin  layers  of  sand  are  often  found,  in* 
terposed  between  the  layers  of  mica  or  talc.  I 
have  a  specimen,  from  the  summit  of  one  of  the 
highest  of  the  Grampian  mountains,  where  the  thin 
plates,  of  a  talcky  or  asbestine  substance,  are  sepa- 
rated by  layers  of  a  veiy  fine  quartzy  sand,  not 
much  consolidated. 

Tlie  mountain  from  which  it  was  brought,  con- 
sists of  vertical  strata,  much  intersected  by  quartz 
veins.  It  is  impossible  to  doubt,  in  this  instance, 
that  the  thin  plates  of  the  one  substance,  and  the 
small  grains  of  the  other,  were  deposited  together 


HtJTTONTAK  THEORY. 


177 


at  the  bottom  of  the  sea,  and  that  they  were  alike 
produced  from  the  degradation  of  rocks,  more  an- 
cient than  any  which  now  exist. 

154.  In  the  Neptunian  system,  as  improved  by 
Werner,  an  attempt  is  made  to  take  off  the  force  of 
such  instances  as  are  produced  in  §  8,  9,  and  ISQ^ 
fcc,  by  distinguishing  rocks,  as  to  their  fonnation, 
iato  three  different  orders,  the  primitive,  the  inter- 
mediate, and  the  secondary,  or,  to  speak  more  pro- 
perly, into  primary,  secondary,  and  tertiary.     The 
ame  mineralogist  distinguishes,  among  the  materi- 
its  of  these  rocks,  between  what  he  terms  chemical 
ivd  mechanical  deposits.     By  mechanical  deposits, 
are  understood  sand,  gravel,  and  whatever  bears  the 
mark  of  fracture  and  attrition  ;  by  chemical  dcpo- 
lits,  those  which  are  regularly  crystallized,  or  which 
We  a  tendency  to  crystallization,  and  in  which  the 
action  of  mechanical  causes  cannot  be  traced.    This 
distinction  is  founded  in  nature,  and  proceeds  on 
»»eal  and  palpable  differences  ;  but  the  application 
Hiade  of  it  to  the  three  kinds  of  strata  just  enumer- 
ated, seems  by  no  means  entitled   to  the  same 
praise. 

The  primitive  rocks  contain,  it  is  saidt  none  but 
chemical  deposits,  and  are  entirely  composed  of 
them  ;  the  intermediate  contain  a  mixture  of  both, 
and  also  some  vestiges  of  organized  bodies  :  the  se- 
condary consist  almost  entirely  of  the  mechanical, 
or  of  the  remains  of  such  bodies,  with  little  of  the 
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chemicaL  The  first  of  these>  then,  are  held  to 
contain  no  mark  or  vestige  whatsoever  of  any  thing 
more  ancient  than  themselves,  aod  arci  in  the 
strictest  sense,  primeval,  or  formed  of  the  fii*st  ma- 
terials, deposited  by  the  immense  ocean  which  ori* 
ginally  encompassed  the  globe. 

After  them  were  formed  the  intermediate,  most- 
ly coDsistmg  of  chemical  deposits,  but  coDtaining 
also  some  animal  remains,  and  some  spoils  from  the 
land,  subjected  to  the  various  kinds  of  destruction, 
which  even  then  made  a  part  of  the  order  of  nature. 
These  rocks,  it  is  alleged,  are  chiefly  argillaceous, 
are  less  indurated  than  the  primary,  and  not  inter- 
sected by  veins  of  quartz. 

The  secondaiy  were  formed  from  the  remains  of 
the  other  two,  and  contain  more  mechanical  depo* 
sits  than  any  other- 

This  sketch  of  what  I  understand  to  be  Wer- 
ner's opinion  concerning  the  different  formation  of 
the  strata,  is  chiefly  taken  from  a  view  of  his  system, 
in  the  Journal  fie  Physique  for  1800. 

155.  The  main  objection  to  the  distinction  here 
made  between  the  primary  and  the  intermediale    ^ 
strata,  is  founded  on  the  facts  that  have  been  jyst    j 
stated.     The  sandstone  of  St  Gothard  is  from  a    , 
country  having  eveiy  character  of  a  primary  one  in    , 
the  highest  perfection.    The  instances  I  have  men-    ^ 
tioned  from  the  Highlands  of  Scotland,  are  from 
mountains,  less  elevated  indeed  than  the  Alps,  but 
u 


where  the  rock  is  micaceous,  talcose,  or  siliceous,  in 
planes  erect  to  the  horizon,  and  intersected  by  veins 
of  quartz.  The  shells  from  Plymouth  are  from  a 
rock,  that  Werner  would,  I  think,  admit  to  be  truly 
priinitive.  Those  from  the  lakes,  also,  are  from 
the  centre  of  a  country,  occupied  by  poi-phyry, 
schorl,  homstone-schistus,  and  many  others,  about 
the  order  of  which  there  can  be  no  dispute^  It  is 
true,  that  in  this  tract  there  are  argillaceous  strata, 
of  the  kind  that  might  be  accounted  intermediate, 
were  they  not  interposed  among  those  that  are  cer- 
tainly primary  ;  and  this  very  intermixture  shows, 
how  little  foundation  there  is  for  the  distinction  at- 
tempted to  be  made  between  the  formation  of  the 
one  and  of  the  othen  If  there  is  any  principle  in 
mineralogy,  which  may  be  considered  as  perfectly 
taeertained,  it  is,  that  rocks  similarly  stratified,  and 
alternated  with  one  another,  are  of  the  same  forma- 
tkm. 

Hence  we  conclude,  that  there  is  no  order  of 
Urata  yet  know^n^  that  does  not  contain  proofs  of 
the  existence  of  more  ancient  strata.  We  see  no- 
thing, in  the  strict  sense,  primitive.  It  must  be 
understood,  that  what  is  here  said  has  no  reference 
to  granite,  which  I  do  not  consider  as  a  stratified 
rock,  and  in  wliich  neither  the  remains  of  organized 
boilies^  nor  sand,. have  I  believe  been  ever  found  ; 
though  some  instances  will  be  hereaiier  mentioned, 
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where  granite  contaiiis  fragments  of  other  sto: 
viz,  of  different  kinds  of  prlmaiy  schistus. 

To  the  instances  of  sand  involved  in  primary 
schistus,  I  might  have  added  many  from  the  rocks 
of  that  order  on  the  coast  of  Bern  ickshire,  of  which 
mention  is  so  often  made  in  these  Illustrations ; 
but  I  wished  to  draw  the  evidence  from  those  rocks 
that  are  most  unequivocally  primary,  and  to  which 
the  Wemetian  distinction  of  intermediate  could 
not  possibly  be  applied. 

If  any  one  assert,  as  M«  Deluc  has  done^  that 
sand  is  a  chemical  deposit,  a  certain  mode  of  crys- 
tallization which  quartz  sometimes  assumes,  let  him 
draw  the  line  which  separates  sand  from  gravel ; 
and  let  him  explain  why  quartz,  in  the  form  of 
sand,  is  not  found  in  mineral  veins,  in  granite,  nor 
ill  basaltes,  that  is,  in  none  of  the  situations  where 
the  appearances  of  crystallization  are  most  genenl 
and  best  ascertained. 


m 


Note  v,  §  10. 


Transportation  of  the  Materials  of  the  Strata* 

156.  The  great  transportation  or  travelling  of 
the  materials  of  the  strata,  supposed  by  Dr  Hutton, 
has  been  treated  as  absurd  by  some  of  his  oppo- 
nents,  particularly    Deluc   and   Kirwan.     These 
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philosophers  seem  not  to  have  observed,  that  their 
own  system,  and  indeed  every  system  which  derives 
the  secondary  strata  from  the  primary,  involves  a 
inofportation  of  materials,  hardly  less  than  is  sup- 
posed in  the  Huttonian  theory,  and  a  degradation 
of  the  primeval  mountains,  in  many  instances  much 
greater.  To  form  some  notion  of  this  degradation, 
it  must  be  recollected,  that  the  primeval  moun- 
taios,  which  furnished  the  materials  of  the  second- 
ary strmta  in  the  plains,  cannot  have  stood  in  the 
place  now  occupied  by  these  plains.  This  is  obvi- 
ous I  and  therefore  we  must  necessarily  regaid  the 
Mondary  strata  as  derived  from  the  primitive  moun- 
tains which  are  the  nearest  to  them,  and  of  which 
a  part  still  remains.  This  part  is  sufficient  to  de- 
fine the  base  of  the  original  mountains  ;  and  the 
i|uanttty  of  the  secondary  strata  which  surround 
them  may  help  us  to  make  some  estimate  of  their 
height.  Let  us  take,  for  instance,  the  extensive 
tract  of  secondary  country  about  Newcastle,  where 
coal  mines  have  been  sunk  through  a  succession  of 
secondary  strata,  to  the  depth  of  more  than  a  thou- 
smd  feet.  This  secondary  country  may  be  consi- 
dered as  comprehending  almost  the  whole  of  the 
counties  of  Northumberland  and  Durham,  and 
probably  as  extending  very  far  under  the  part  of 
the  German  Ocean  which  washes  their  coasts  ;  and 
the  whole  strata  composing  it  must  be  derived,  on 
the  hypothesiji  we  arc  now  considering,  from  the 
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Cheviot  HiJls,  on  one  side,  and  from  those  in  the 
high  parts  of  Westmoreland  and  Cumberland  on 
the  other,  comprehending  tlie  Alston-Moor  HiJls, 
and  the  large  group  of  primary  mountains,  so  well 
known  from  the  sublime  and  romantic  scenery  of 
the  Lakes*  Now,  the  mountains  which  stood  on  this 
base,  had  not  only  to  supply  the  materials  for  the  tract 
already  mentioned,  on  the  east,  but  had  also  their 
contingent  to  furnish  to  the  plaius  on  the  west  and 
north  J  the  Cheviots  to  Roxburghshire  and  Ber- 
wickshire ;  the  Northumberland  mountains  to  the 
coal  strata  about  Whitehaven,  and  along  the  $ea 
coast  to  Lancashire.     On  the  whole,  we  shall  not 
exceed  the  truth,  if  we  suppose,  that  the  secondary 
strata,  at  the  feet  of  the  above  mountains,  are  six  or 
seven  times  more  extensive  than  the  base  of  the 
mountainous  tract.     If  then  we  take  the  tnedium 
depth  of  these  secondary  strata  to  be  one  thousand 
feet,  it  is  evident,  that  the  mass  of  stone  which 
composes  them,  if  it  were  placed  on  the  same  base 
with  the  primitive  mountains,  would  re^ch  to  the 
height  of  six  thousand  feet.     This  is  supposing  the 
mass  to  preserve  the  breadth  of  its  base  uniformly 
to  the  summit ;  but  if  it  be  supposed  to  taper,  as 
mountains  usually  do,  we  must  multiply  this  six 
thousand  by  three,  in  order  to  have  the  height  of 
these  primeval  mountains,  which,  therefore,  were 
originally  elevated  not  less  than  eighteen  thousimd 
feet :  in  height,  therefore,  they  once  rivalled  the 
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Cordilleras,  and  arc  now  but  poorly  represented  by 
tie  hills  of  Skiddaw  and  Hel  vellyn*  It  were  easy 
todboir,  that  this  estimate  is  still  below  the  result 
that  strictly  follows  from  the  Neptunian  hypothe- 
sis J  but  it  is  unnecessaiy  to  proceed  further,  than 
to  prove,  that  the  principle  of  the  degradation  of 
mountains,  is  involved  in  that  hypothesis  to  an  ex^ 
cessive  and  improbable  degree  j  and  tliat  the  sup* 
porters  of  it,  have  either  been  guilty  of  the  incon- 
iiistency  of  refusing  to  Ur  Hutton  the  moderate  use 
of  a  principle,  which  they  themselves  employ  in  its 
utmost  extent,  or  of  not  having  sufficiently  advert- 
ed to  the  consequences  of  their  own  system. 

157-  The  formation  of  secondary  strata  from  the 
degradation  of  the  contiguous  mountains,  on  close 
examination,  is  subject  to  many  other  difficulties  of 
the  same  kind.  Mountains  of  secondaiy  strata, 
and  nearly  horizontal,  are  found  in  this  island  of 
the  height  of  three  thousand  feet*  Such  are  Ingle- 
borough,  Wharnside,  and  perhaps  some  others  on 
the  west  of  Yorkshire.  The  whole  chain,  indeed, 
for  secondary  mountains,  is  of  great  elevation. 
The  strata  are  of  limestone,  and  of  a  very  coarse- 
grained sandstone,  alternating  with  it.  No  moun- 
tains can  more  clearly  point  out,  that  the  strata 
of  which  they  consist  w^ere  once  continued  quite 
across  the  vallies  which  now  separate  them  ;  and 
hence,  if  the  materials  of  those  strata  were  indeed 
furnished  from   any  contiguous   primitive  nioun- 
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tains,  the  latter  must  have  been,  out  of  all  propor- 
tion, higher  than  any  moimtains  now  in  Britain. 

158.  Thus,  a  great  degradation  of  the  primitive 
mountains,  and  of  course  a  great  travelling  of  their 
materials,  is  proved  to  make  a  necessary  pait  of  the 
Neptunian  theory.     The  extent  of  this  travelling 
or  transportation  may  be  rendered  more  evident,  if 
we  apply  a  similar  mode  of  reasoning  to  larger  por- 
tions of  the  globe.    The  north-west  of  Europe  fur- 
nishes us  an  instance  of  a  very  extensive  tract  of 
secondary  country,  comprehending  the  greater  part 
of  Britain,  the  whole  of  Flanders  and  Holland, 
part  of  Germany,  the  northern  provinces  of  France, 
and  probably  the  bed  of  the  German  Ooean,  at 
least  for  a  great  extent.     Within  this  circle  almost 
all  is  secondary,  and  on  the  sides  of  it  all  round 
arc  placed  ridges  or  groups  of  primitive  mountains, 
namely  the  mountains  of  Auvergne,  at  least  in 
part,  and  going  round  by  the  east,  the  Alps,  the 
Vosges,  the  Hartz,   the  Highlands  and  Western 
Islands  of  Scotland,  the  hilly  countries  of  Cumber- 
land, Wales,  and  Cornwall.     This  zone  of  prinii- 
tive  mountains,  on  the  supposition  of  the  Neptun- 
ists,  must  have  risen  up  in  the  form  of  islands  in 
the  great  ocean ,  that  originally  covered  the  eartbi 
forming  a  kind  of  circular  Archipelago,  including 
in  its  bosom  a  sea,  which  was  from  seven  to  five 
hundred  miles  in  diameter.     Over  tJie  whole  of 
this  extent,  the  detriius  of  the  above  mountains 
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must  have  been  carried,  in  order  to  form  the  flat 
interjacent  countries  which  are  now  exposed  to  our 
view*  Such  then,  even  on  their  own  supposition, 
is  the  extent  to  which  the  Neptuoists  must  admit 
that  the  materials  of  the  primeval  mountains  were 
trauisporteil  by  the  ocean, 

159-  This  transportation  of  materials,  may  not 
be  so  great  as  that  which  is  involved  in  Dr  Hut- 
ton's  theory,  but  is  such  as  should  make  the  ene- 
mies of  his  system  consider,  how  nearly  the  prin- 
ci^es  they  must  introduce,  agree  w4th  those  that 
Aey  would  reject.  This  is  one  fact,  out  of  many, 
which  shows,  that  there  is  at  present  a  much  nearer 
agreenaent  between  the  systems  of  geology,  than 
between  their  authors. 

160*  To  these  facts,  demonst rating  the  great 
transportation  of  fossils  in  some  former  conditions  of 
the  globe,  we  may  add  another,  recognised  by  all  mi- 
neralogists. The  animal  extivire  contained  in  lime^ 
stone  and  marble,  are  often  known  to  belong  to 
Beag,  extremely  remote  from  the  countries  where 
they  are  now  found.  In  the  chalk-beds  of  Eng- 
land, in  the  limestones  of  France,  a  great  propor- 
Uon  of  the  petrifactions  belong  to  the  tropical  seas, 
and  appear  to  have  been  brought  from  the  vicinity 
of  the  equator*  Buffon  observ  es,  that  of  the  fossil 
shells  found  in  France,  it  has  been  disputed,  whcr 
ther  the  foreign  are  not  mure  numerous  than  the 
aadvc  j  and,  though  lie  is  himself  of  opinion  that 
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they  are  not,  it  is  evident  that  they  must  bear  a 
considerable  proportion  to  the  whole,  *  In  the  pe- 
trifactions of  Monte  Bolca,  near  Verona,  where 
the  impressions  of  fish  are  preserved  between  the 
laminae  of  a  calcareous  schistus,  one  hundred  and 
five  different  Kpecies  have  been  enumerated,  of 
which  thirty-nine  are  from  the  Asiatic  seas,  three 
from  the  African,  eighteen  from  those  of  South, 
and  eleven  from  those  of  North  America,  f  Simi- 
lar observations  have  been  made  on  the  maiiue 
plants,  and  the  impressions  of  vegetables,  found  in 
rocks,  in  different  parts  of  Europe.  At  St  Chau- 
mont,  near  Lyons,  is  found  an  argillaceoLts  schis^ 
tusy  covering  a  bed  of  coal,  eveiy  htmina  of  which 
is  marked  with  the  impressions  of  the  stem,  leaf,  or 
other  part  of  some  plant ;  and  it  happens,  says  M. 
Fontenelle,  by  an  unaccountable  destination  of  na- 
ture, that  not  one  of  these  plants  is  a  native  of 
France.  They  are  all  ferns  of  different  species, 
peculiar  to  the  East  Indies,  or  tlie  warmer  climates 
of  America.  Here  also  was  found  the  fruit  of  a. 
tree,  which  grows  only  on  the  coasts  of  Malabar 
and  Coromandel.  t 

The  same  holds  of  the  bodies  of  amphibious  ani- 

♦  BuflTan,  Theorie  dc  la  Terre,  Art.  8. 

+  Saudiiure,  Voyages  aux  Alpe.s  Tom,  III,  §  1535, 

X  Mem*  dc  I'Acad,  dcs  Sciences,  1718,  p,  ;J,  s^tui  '^Bh 

^d  1721,  p.  m>  ^c. 


mais  which  now  make  a  part  of  the  fossil  kingdom. 
The  head  and  the  bones  of  crocodiles  have  been 
faund  in  the  island  of  Sheppey,  at  the  mouth  of  the 
Thames  ;  and  the  remains  of  an  animal  of  the  same 
species,  but  of  a  variety  now  peculiar  to  the  Ganges, 
have  been  discovered  in  the  alum  rocks  on  the  coast 
of  Yorkshire,  *  lliese  proofs  of  the  transportation 
of  materials  by  the  sea,  have  the  advantage  of  in- 
volving nothing  hypothetical,  and  of  being  equally 
addressed  to  the  geologists  of  every  persuasion. 

On  this  subject  I  cannot  help  observing,  that  the 
accurate  com|>arison  of  the  animal  exuvise  of  the 
mineral  kingdom,  with  their  living  archetypes,  is 
Dot  merely  a  curious  inquiry,  but  is  one  that  may 
lead  to  important  consequences,  concerning  the 
imture  and  direction  of  the  forces  which  have  chang- 

•  Phil-  Trans,  Vol.  L  p*  6H8,  Ciimpcr  tlenies  that  the 
remains  here  mention etl  belong  to  the  crocodile,  or  any  am- 
phibious animal,  and  refers  them  to  the  bal^na.  He  pasaes 
the  same  judgment  on  those  fossil  bones  from  St  Peter's 
Mount,  near  Maestridit,  which  have  been  supposed  to  belong 
to  the  crocodile  ;  he  looks  on  them  as  belonging  to  whales, 
though  of  an  unknown  species.  In  this  Mount,  so  famous 
for  its  petrifactions,  he  finds  many  specimens  of  bones,  which 
he  thinks  belong  to  the  turtle.  Phil.  Trans.  VoL  LXXVl. 
p*  443.  The  opinion  of  an  author,  so  well  skilled  in  compa- 
rative anutomj,',  must  be  rcgartled  as  of  great  weight r  if  it 
takes  from  our  argument  in  one  part,  it  adds  to  it  in  anotherj 

pud  the  acquisition  of  the  turtle  makes  up  abundantly  for  the 

1qs8  of  the  crocodile. 
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ed,  and  are  continually  clianging,  the  surface  of  thg,  , 
earth,  ^ 

161.  These  remarks  I  have  thought  it  proper  to 
add  to  the  proofs  of  the  composition  of  the  present 
from  fonner  strata,  in  order  to  show,  that  the  great 
transportation  of  materials  involved  in  that  suppo* 
sition^  is  not  only  conformable  to  the  hypothesis  of 
the  Neptunists  concerning  the  secondary  strata, 
but  13  also  proved  by  the  most  direct  evidence,  in- 
dependently of  all  hypothesis.  All  this  reasoning 
regards  the  ancient  state  of  the  globe.  Whether 
such  a  travelling  of  stony  bodies  makes  a  part  of  the 
system  now  actually  canning  on,  will  be  considered 
in  another  place.  ♦ 


Note  vi.  §  13. 
Mr  Kirwan^s  Notion  of  Precipitation* 


162.  The  Neptunist  who  has  provided  the  mean^ 
of  dissolving  the  materials  of  the  strata,  has  only 
perfonned  half  his  work^  and  must  find  it  a  task  of 
equal  diflBculty;to  force  this  powerful  menstruum  td^f 
part  with  its  solution.  Mr  Kirwan,  aware  in  some 
degree  of  this  diflSculty,  has  attempted  to  obviate  it 
in  a  very  singular  way*     First,  he  ascribes  the  so- 


lutioD  of  all  substances  iti  water,  or  in  what  he  callis 
the  chaotic  fluid,  to  their  being  finely  pulverised, 
or  created  in  a  state  of  the  most  minute  division. 
Next,  as  to  the  deposition,  the  solvent  being,  as  he 
acknowledges,  veiy  insufficient  in  quantity,  the  pre- 
cipitation took  place,  (he  says,)  on  that  account  the 
more  rapidly. 

If  he  means  by  this  to  say,  that  a  precipitation 
without  solution  would  take  place  the  sooner  the 
more  inadequate  the  menstruum  was  to  dissolve  the 
whole,  the  proposition  may  be  true  j  but  will  be  of 
DO  use  to  explain  the  crystallization  of  minerals, 
(the  very  object  he  has  in  view,)  because  to  ciystal- 
lization,  it  is  not  a  bare  subsidence  of  particles  sus- 
pended in  a  fluid,  but  it  is  a  passage  from  chemical 
solution  to  Bon-solution,  or  insolubOity,  that  is  re- 
quired* 

If,  on  the  other  hand,  he  means  to  say,  that  the 
solution  actually  took  place  more  quickly,  and  was 
more  immediately  followed  by  precipitation,  be- 
cause the  quantity  of  the  menstruum  was  insuffi- 
cient, this  is  to  assert,  that  the  weaker  the  cause, 
the  more  instantaneous  will  be  its  effect. 

Of  two  propositions  the  one  of  which  is  nuga- 
tory, and  the  other  absurd,  it  is  not  material  to  in- 
quire which  the  author  had  in  view. 
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Note  vii.  §  16. 
Compression  in  the  Mineral  Regions. 

163.  It  is  worthy  of  remark,  that  the  effects 
ascribed  to  compression  in  the  Huttonian  Theorji 
very  much  resemble  those  which  Sir  Isaac  New- 
ton supposes  to  be  produced  in  the  sun  and  the 
fixed  stars  by  that  same  cause.  **  Are  not/'  says 
he,  '*  the  sun  and  fixed  stars  great  earths,  vehe- 
mently hot,  whose  heat  is  conserved  by  the  great- 
ness of  the  bodies,  and  the  mutual  action  and  re- 
action between  them,  and  the  light  which  they 
emit;  and  whose  parts  are  kept  from  fuming 
awatff  not  only  by  their  jixity^  but  also  by  the 
vast  weight  and  density  of  the  atmospheres  incum- 
bent upon  them^  and  very  strongly  compressing 
them.'*  * 

164.  The  fact  of  water  boiling  at  a  lower  tem- 
perature under  a  less  compression,  is  sufficient  to 
justify  the  supposition,  that  bodies  may  be  made  by 
pressure  to  endure  extreme  heat,  without  the  dis- 
sipation of  their  parts,  that  is,  without  evaporation 
or  combustion.  A  further  postulatum  is  introdu- 
ced in  Dr  Hutton's  theory,  namely,  that  com- 
pound bodies,  such  as  carbonate  of  lime,  when  the 

•  Newton's  Optics,  Query  ii. 


compression  prevents  their  separation,  may  admit 
of  fiisioni  notwithstanding  that  the  fixed  part  may 
be  infusible  when  separated  from  the  volatile. 
This  assumption  is  supported  by  the  analogical 
lact  of  the  fusion  of  the  carbonate  of  barytes,  as 
mentioned  in  the  text. 

165,  In  a  region  where  the  action  of  heat  was 
accompanied  with  such  compression  as  is  here  sup- 
posed, there  could  be  no  fire,  properly  so  called, 
and  no  combustion  ;  this  is  admitted  by  Dr  Hut- 
ton,  and  it  is  therefore  a  fallacious  argument  which 
is  brought  against  his  theory,  from  the  impossibi- 
lity of  fire  being  maintained  in  the  bowels  of  the 
earth.  This  impossibility  is  precisely  what  he 
supposes;  and  yet  Mr  Kir  wan  *s  argiiments  are 
directed,  not  against  the  existence  of  heat  in  the 
bterior  of  the  earth,  Lut  against  the  existence  of 
burning  and  inflammation*  >ir« 

After  taking  notice,  *  that  Saussure  had  succeed- 
ed, though  with  extreme  difficulty,  in  melting  a 
particle  of  limestone,  so  small  as  to  be  visible  only 
with  a  microscope,  **  what  (adds  he)  must  have 
been  the  heat  necessary  to  melt  whole  mountains 
of  this  matter?  Judging  by  all  that  we  at  pre- 
sent know  of  heat,  such  a  high  degree  could  only 
be   produced   by   the    purest  air,   acting  on   an 
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enormous  quantity  of  combustible  matter.  Now, 
Ehrman  observed,  tliat  the  combustion  of  two 
hundred  and  eighty  cubic  inches  of  air*  acting  on 
charcoal,  was  not  able  to  effect  the  fusion  of  one 
grain  of  Carrara  marble ;  from  whence  it  is  appa- 
rent, that  all  the  air  in  the  atmosphere,  nor  in  ten 
atmosplieres,  would  not  melt  a  single  mountain  of 
this  substance,  of  any  extent,  even  if  there  were  a 
sufficient  quantity  of  inflammable  matter  for  it  to 
act  upon.  Judging  also  of  subterraneous  heat  by 
what  we  know  of  that  of  volcanoes,  no  sucli  heat 
exists  :  the  highest  they  in  general  produce,  is  that 
requisite  for  the  fusion  of  the  volcanic  glass  called 
obsidian,  which  Saussure  found  not  to  exceed  115" 
of  Wedge  wood  ;  but  basaltine,  which  requires 
140"  of  Wedgewoodj  is  never  melted  in  the  lavas 
of  ^tna.  How  little  capable,  then,  would  vol- 
canic heat  be  to  effect  the  fusion  of  Carrara  marble, 
which,  according  to  the  same  excellent  author, 
would  require  a  heat  of  upwards  of  6300'  of 
Wedgewood,  if  this  pyrometer  could  extend  so 
far  ?  And  in  what  circumstances  does  Dr  Hut* 
ton  suppose  this  astonishing  heat  to  have  existed, 
and  even  still  to  exist,  under  the  ocean,  in  the 
bowels  of  the  earth,  where  neither  a  sufHeient 
quantity  of  pure  air,  nor  of  combustible  matter, 
capable  of  such  mighty  effects,  can,  with  any  ap- 
pearance of  probability,  be  supposed  to  exist ;  and, 
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wtthont  these,  such  degrees  of  heat  cannot  even 
rbe  jinagined,  without  flying  into  the  region  of  chi- 
IDeras." 

166*  Now,  this  reasoning  is  not  applicable  to 
Dr  Button's  hypothesis  of  subterraneous  heat,  be- 
muse it  is  grounded  on  experiments,  where  that 
jlery  separation  of  the  volatile  and  fixed  parts  takes 
rplace,  which  is  excluded  in  that  hj^othcsis.  When 
limestone  or  marble  is  exposed  to  ^uch  heat  as  is 
here  mentioned,  or  even  to  heat  of  a  degree  vastly 
'erior,  the  carbonic  gas  is  expelled,  and  the  body 
reduced  to  pure  lime  j  from  the  refractory  nature 
which,  as  we  learn  from  the  fact  relative  to 
s,  mentioned  above,  no  conclusion  can  be 
wn  as  to  the  infusibility  of  the  same  substance, 
hen  combined  with  tbe  carbonic  gas.     The  Car- 
a  marble  may  require  a  heat  of  6300'  of  Wedge- 
ood,  to  melt  it  in  the  open  air,  where  the  carbo- 
c  gas  escapes  from  it ;  but  under  such  a  pressure 
would  retain  this  gas,  it  cannot  be  inferred,  that 
might  not  melt  with  the  heat  of  a  glass-house 
e.     In  like  manner,  it  may  be  true,  that 
o  hundred  and  eighty  cubic  inches  of  air,  acting 
charcoal,  cannot  effect  the  fusion  of  one  grain 
ff  this  marble,  after  its  fixed  air  is  driven  off'  from 
;  but  we  cannot  from  thence  draw  any  inference, 
plicable  to  a  case  where  the  carbonic  gas  is  re- 
fined, and  where  the  action  of  heat  is  indepen- 
dent of  atmospheric  air. 
VOL.  u  a 
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Nothing,  therefore,  can  he  more  inconclusive 
than  this  reasoning,  as  it  proceeds  on  the  supposi* 
tion,  that  Dr  Button's  system  admits  propositions, 
which  in  fact  it  expressly  denies, 

167.  Of  the  production  and  maintenanee  of 
heat,  in  circumstances  so  difterent  from  those  of 
ordinary  experience,  we  can  hardly  be  expected  to 
give  any  explanation  ;  but  we  are  not  entitled, 
merely  on  that  account,  to  doubt  of  the  existence 
of  such  heat.  Mr  Kirwan  thinks  otherwise: 
**  Judging/'  he  says,  **  from  all  we  at  present 
know  of  heat,  such  a  high  degree  of  it,  (as  will 
melt  limestone,)  could  only  be  produced  by  the 
purest  air,  acting  on  an  enormous  quantity  of  com* 
busttble  matter.  Without  these,  such  degrees  of 
heat  cannot  even  be  imagined,  without  flying  into 
the  region  of  chimeras.**  * 

Now,  in  the  first  place,  the  high  degree  of  tem- 
perature which  is  here  understood,  is  probably  not 
necessary  to  the  purposes  of  mhieralization,  as  has 
just  been  shown  j  and,  in  the  second  place,  it  k 
not  FIRE,  in  the  usual  sense  of  the  word,  but  heat, 
which  is  required  for  that  pui*pose  ;  and  there  is 
nothing  chimerical  in  supposing,  that  nature  has 
the  means  of  producing  heat,  even  in  a  very  great 
degree,  without  the  assistance  of  fuel  or  of  vital  air. 
Friction  is  a  source  of  heat,  unlimited,  for  what  we 

•  GeoL  Essap,  p,  454, 
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haw,  in  its  extent,  and  so  perhaps  are  other  ope- 
j^ions,  both  chemical  and  mechanical ;  nor  are 
either  combustible  substances,  or  vital  air,  concern- 
ed in  the  heat  thus  produced.  So  also  the  heat  of 
the  sun's  rays  in  the  focus  of  a  burning  glass,  the 
most  intense  that  is  known,  is  independent  of  the 
substances  just  mentioned  ;  and,  though  that  heat 
certainly  could  not  calcine  a  metal,  nor  even  bum 
a  piece  of  wood,  without  oxygenous  gas,  it  would 
doubtless  produce  as  high  a  temperature  in  the  ab- 
fienoe  as  in  the  presence  of  that  gas. 

It  is  true,  that  it  is  not  by  the  solar  rays  that 
mbterraneous  heat  is  produced  ;    but  still,  from 
this  instance,  we  see,  that  there  is  no  incongniity 
in  suppofiiiig  the  production  of  heat  to  be  indepen- 
dent of  combustible  bodies,  and  of  vital  air.     We 
are  indeed,  in  all  cases,  strangers  to  the  origin  of 
heat ;  philosophers  dispute,  at  this  moment,  con* 
eeming  the  source  of  that  which  is  produced  by 
buming ;  and  much  more  are  they  at  a  loss  to  de- 
termine, what  upholds  the  light  and  heat  of  the 
great  luminary,  which  animates  all  nature  by  its 
influence.     If  we  woukl  form  any  opinion  on  this 
Wibjectf  we  shall  do  well  to  attend  to  the  sugges- 
Sons  of  that  great  philosopher,  who  was  hardly  less 
lutingui^ed  from  others  by  his  doubts  and  con^ 
ectures,  than  by  his  most  rigorous  and  profound 
investigations.     **  May  not  great,  dense,  and  fixed 
lodies,  when  heated  beyond  a  certain  degree,  emit 
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light  80  copiously,  as,  by  the  emissioD  and  reaction 
of  its  light,  and  the  reflections  and  refractions  oF 
its  rays  within  its  pores,  to  grow  still  hotter^  till 
it  comes  to  a  certain  period  of  heat,  such  as  is  that 
of  the  sun  ?     And,  are  not  the  sun  and  fixed  stars 
great  earths,  vehemently  hot,  whose  heat  is  con- 
served by  the  greatness  of  the  bodies,  and  the  mu* 
tual  action  and  reaction  between  them  and  the 
light  which  they  emit  ?"  • 

168.  Some  recent  experiments,  seem  to  radte 
the  suggestions  in  this  query  applicable  to  an 
opaque  body  like  the  earth,  as  well  as  to  luminous 
bodies,  such  as  the  sun  and  fixed  stars.  The  ra* 
diation  of  heat,  where  there  is  no  light,  was  first 
rendered  probable  by  the  experiments  of  M.  Pictet 
of  Geneva  j  t  and  the  only  objections  to  which 
the  conclusions  from  those  experiments  seemed 
liable,  are  removed  by  the  late  very  important  dis- 
coveries of  Dr  HerscheL  t  From  these  it  appears, 
that  heat  is  capable  of  refraction  and  reflection,  as 
well  as  light,  so  that  it  is  not  absurd  to  suppose, 
that  the  heat  of  greats  dense^  ajid^xed  bodieSt 
may  be  conserved  bif  the  greatness  of  the  bodies 
and  the  mutual  action  and  reaction  between  them 
and  the  heat  which  they  emit. 


■  Newton*s  Optic?,  w^i  supr^m 

f  Essai  BUT  le  Feu< 

I  PhiJ-  Traos.  IBOO,  p.  8i. 
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The  existence  of  subterraneous  heat  is  stiil  fur- 
ther rendered  probable  from  the  researches  of 
Mairan^  which  tend  to  show,  that  there  is  another 
louree  of  terrestrial  heat  besides  the  influence  of 
the  solar  rays.  * 

Whatever  be  the  truth  with  regard  to  these  con- 
jectures, it  is  certain,  that  the  first  and  original 
source  of  heat  is  independent  of  burning.  Bum* 
ing  18  an  effect  of  the  concentration  of  heat ;  and 
though,  by  a  certain  reaction,  it  has  the  power  of 
continuing  and  augmeoting  that  heat,  it  never  can 
be  regarded  as  its  primary  and  material  cause. 
WTien,  therefore,  we  suppose  a  source  of  heat,  in- 
dependent of  fire  and  of  burning,  we  suppose  what 
certainly  exists  in  nature,  though  we  are  not  in- 
formed of  the  manner  of  its  existence,  nor  of  its 
place,  otherwise  than  from  considering  the  pheno- 
mena of  the  mineral  kingdom. 

169-  Lastly,  we  are  not  entitled,  according  to 
any  rules  of  philosophical  investigation,  to  reject  a 
principle,  to  which  we  are  fairly  led  by  an  induc- 
tion from  facts,  merely  because  we  cannot  give  a 
satisfactory  explanation  of  it.  It  would  be  a  very 
unsound  view  of  physical  science,  which  would  in- 
duce one  to  deny  the  principle  of  gravitation, 
though  he  cannot  explain  it,  or  even  though  the 
admission  of  it  reduces  him  to  great  metaphysical 

^  y\^m.  de  TAcad,  des  Bdencei,  1765»  p.  143. 
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difficulties.     If  indectl  a  downright  absurdity,  ok^ 
inconsistency  with  knomi  and  established  facts,  b^ 
mvolved  in  any  principle,  it  ought  not  to  be  ad- 
mitted, however  it  may  seem  calculated  to  explain 
other  appearances.     If,  for  instance,  Dr  Huttoa 
held,  that  combustion  was  carried  on  in  a  region 
where  there  was  no  vital  air,  we  should  have  said, 
that  he  admitted  an  absurdity,  and  that  a  theory 
founded  on  such  posiidata  was  worse  than  chirae- 
ricaL     But,  if  the  only  thing  imputable  to  bun  is, 
.tlmt,  being  led  by  induction  to  admit  the  fusion  of 
mineral  substances  in  the  bowels  of  the  earth,  he 
has  assumed  the  existence  of  such  heat  as  was  suf* 
ficient  for  this  fusion,  though  he  is  unable  to  assiga 
the  cause  of  it,  I  believe  it  will  be  found,  that  his 
system  only  sliares   in  an  imperfection,  which  is 
comraon  to  all  physical  theories,  and  which  the  ut- 
most  improvement  of  science  will  never  completely    , 
remove. 

170.  Thus,  then,  we  are  led,  it  must  be  aIJowed« 
into  the  region  qf  hi/potftesis  and  conjecttire,  but 
by  no  means  into  that  of  chimeras.  Indeed,  the 
reproach  of  flying  into  the  latter  region,  may  be 
said  to  come  but  ill  from  one,  who  has  trode  so 
often  the  crude  consistaice  of  the  chaos,  and  who 
delights  to  dwell  beyond  the  boundaries  of  nature* 
By  sojouining  there  long,  it  is  not  impossible  that 
the  eye  may  become  so  accustomed  to  fantastic 
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forms,  that  the  figures  and  proportions  of  nature 
shall  appear  to  it  deformed  and  monstrous* 


Note  viiu  §  24, 

Sparry  Structure  of  Calcareous  Petrifactions* 

171  •  Wlien  the  shells  and  corals  in  limestone 
are  quoted  by  mineralogists,  it  is  not  always  consi- 
dered in  what  state  they  are  found.  In  general, 
they  have  a  sparry  structure,  very  different  from 
that  of  the  original  shell  or  coral,  of  which,  how- 
ever, they  retain  the  figure  with  wonderful  exact- 
ness, though  probably  sometimes  altered  in  size. 
Tliough  sparry,  they  are  often  foliated,  and  pre- 
serve their  animal,  in  conjunction  with  their  mine- 
ral, texture.  Now,  this  ciystallization  is  a  mark  of 
some  operation,  quite  different  from  any  tliat  can 
be  ascribed  to  the  water  in  which  these  bodies  had 
their  origin,  and  by  which  they  were  brought  into 
their  place.  They  were  impervious  to  water ;  and 
it  cannot  be  said  that  their  sparry  structure  has 
been  derived  from  the  percolation  of  that  fluid, 
carrying  new  calcareous  matter  into  their  pores. 
We  can  account  for  the  change  produced  in  them, 
I' think,  only  by  supposing  them  to  have  been  soft- 
ened by  heat,  so  as  to  permit  their  parts  to  arrange 
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selves  anevv,  and  to  assume  the  characteristic  orga 
uization  of  mineral  substances. 

All  shells  liave  not  the  cliaiige  effected  on  then 
that  is  here  referred  to  ;  those  in  clialk,  for  in 
stance,  retain  very  much  their  original  form  in  al 
respects*  Tliis  is  what  we  might  expect  from  th< 
very  different  degree  of  intensity,  with  wliieh  th< 
mineralizing  cause  has  acted  on  chalk,  and  on  lime 
stone  or  marble.  In  general,  it  is  in  the  liardesi 
and  most  consolidated  limestone,  that  the  marine 
objects  are  most  completely  changed  into  spar- 
It  would  be  exceedingly  interesting  to  examine, 
whether  any  of  the  phosphoric  acid  remains  united 
to  shells  of  either  of  these  kinds.  We  might  most 
readily  expect  it  to  be  united,  in  a  certain  degree, 
to  the  shells  that  arc  least  mineralized.  ^M 

This  experiment  would  enable  us  also  to  appM 
ciate  the  force  of  Mr  Kirwan's  argument  against 
the  finer  marbles,  such  as  the  Carrara,  containing 
shells.  *  This  argument  proceeds  on  an  experi- 
ment, mentioned  in  the  Turin  Memoirs  for  17S9» 
from  which  it  appears^  that  no  phosjihoric  acid  is 
found  in  pure  limestone ;  and  its  absence,  Mr  Kir- 
wan  says,  cannot  be  attributed  to  fusion,  as  phos- 
phoric acid  is  indestructible  by  heat*  id 
He  calls  this  a  demonstration  ;  but,  in  order  to 

•  GeoL  Essays,  p.  45 S. 


entitle  it  to  that  oame,  it  will  be  necessary,  first,  to 
prove,  that  phosphoric  acid  exists  in  those  lime- 
stones which  evidently  consist  of  shells  in  a  mine- 
fitizcd  state.  If  these  are  found  without  phos- 
phoric acid,  it  is  evident  that  the  preceding  argn- 
ment  fails  entirely.  If  they  arc  found  to  contain 
that  acid,  it  will  then  no  doubt  afford  aprol)abiIity, 
though  not  a  demonstration,  that  Carrara  marble 
does  Dot  directly  originate  from  shells* 

That  nature  has  some  process,  by  which  the 
above  acid  is  separated  from  the  earth  of  bones, 
and  probably  also  from  the  earth  of  shells,  is  evi- 
dent from  the  state  in  which  the  bones  are  found 
in  the  caves  of  Bayreuth,  Those  that  are  the 
most  recent,  and  least  petrified,  contain  most  of 
the  phosphoric  acid-  Where  the  petrifaction  has 
proceeded  far,  that  acid  is  not  found. 

172*  Among  many  of  the  strata,  such  a  fluidity 
has  prevailed,  as  to  enable  some  of  the  substances 
included  in  them  to  crystallize.  Calcareous  spar 
and  siliceous  crystals  are  often  found  in  stratified 
rocks,  forming  veins  of  secretion,  or  Hning  close 
cavities,  included  on  all  sides  by  the  uncrystallized 
rock.  In  the  instances  of  gneiss,  and  many  spe- 
cies of  marble,  almost  the  whole  matter  of  the 
stratum  is  crystallized.  This  union  of  a  stratified 
and  crystallized  structure  in  the  same  substance, 
has  a  great  affinity  to  that  union  of  the  crystallized 
with  the   organic  structure  of  shells  and   corals 
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which  has  just  bceu  mentioned ;   and  both  are 
doubtless  to  be  referred  to  the  same  cause. 


Note  ix.  §  SI. 
Petroleum^  ^c* 


173*  According  to  the  theory  of  coal  laid  dowe 
above,  its  t^vo  chief  materials,  charcoal  and  bitu- 
men, being  furnished  by  the  vegetable  and  animal 
kingdoms,  both  of  the  land  and  of  the  sea,  have 
formed  with  one  another  a  new  combination,  by 
the  action  of  subterraneous  heat  j  but  have  also,  in 
some  cases,  been  separated  by  that  same  action, 
where  the  degree  of  compression  necessary  for 
their  union,  happened  to  be  wanting.  The  car- 
bonic part,  when  thus  separated  from  the  bitumi- 
nous, forms  an  infusible  coal,  which  burns  without 
flame :  the  bituminous  part,  when  separated  from 
the  carbonic,  is  found  in  the  various  states  of 
naphtha,  petroleum,  asphaltes,  and  jet. 

The  great  resemblance  of  infusible  or  blind 
coal,  to  the  residuuno  obtained  by  the  distillation 
of  bituminous  coal ;  and  again,  the  coincidence  of 
the  bitumens  just  named,  with  the  volatile  part,  or 
the  matter  brought  over  by  such  distillation,  are 
strong  arguments  in  favour  of  ibis  theory.  The 
0^her  facts  in  the  natural  history  of  coal,  serve  to 


con« 
bitumens^ 
Icxcept  the  circumstance  just  mentiotted,  is  of  a 
more  arabiguoos  nature,  and  may  be  reconciled 
with  flitferent  theories*  The  drops  of  petroleum 
contained  within  the  cavities  of  the  limestone^ 
mentioned  at  §  31,  are  however  strong  facts  in 
confirmation  of  Dr  Hutton's  opitiionsi  and  they 
are  furnished  by  the  substances  purely  bitumi- 
nous* A  careful  examination  would  probably 
make  us  acquainted  with  others  of  the  same  kind, 
for  limestone  is  very  often  the  matrix  in  which 
petroienm  and  asphaltes  are  contained.  The 
greatest  mine  of  asphaltes  in  Europe,  that  in  the 
Val  de  TraverSf  in  the  territoiy  of  Neutchatel,  is 
in  limestone,  from  which,  though  it  in  some  places 
exudes^  it  is  in  general  extracted  by  the  applica- 
tioB  of  heat.  The  strata  for  several  leagues  are 
impregnated  with  bitumen ;  and,  if  examined  with 
attention,  would  probably  afford  specimens  similar 
to  those  which  have  just  been  mentioned, 

IV'l'^  It  is  a  general  remark,  that,  where  petro- 
leum is  found,  on  digging  deeper,  they  come  to 
asphaltes  ;  and,  at  a  depth  still  gi-eater,  they  dis- 
cover coal.  Tliis  probably  does  not  hold  inva- 
riably ;  but  it  is  certain,  that  most  of  the  foun- 
tains of  petroleum  are  in  the  neighbourhood  of 
coal  strata.  Petroleum  and  asphaltes  ai  e  found  in 
great  abundance  in  Alsace,  in  a  bed  of  saud,  he- 
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tween  two  betk  of  clay  or  argiliaceous  sehistus,  and 
the  same  country  also  affords  coaL  *  This  is  true 
likewise  of  the  fossil  pitch  of  Coalbrook-dale  ;  and 
of  the  petroleum  found  in  St  Catharine's  Well, 
near  Edinburgh,  Auvergne  t  contains  abundance 
of  fossil  pitch,  which  exudes j  in  the  warm  season j 
from  a  rock  impregnated  with  it  through  its  whole 
mass.  There  are  also  coal  strata  in  the  same 
country,  not  far  distant. 

A  very  satisfactory  observation  relating  to  this 
subject,  has  lately  been  communicated  from  a 
countiy,  with  \vhose  natural  history  we  were  till  of 
late  entirely  unacquainted.  In  the  Burmha  em- 
pire, petroleum  is  dug  up  in  an  argillaceous  earth, 
from  the  depth  of  seventy  cubits.  This  argi]la-> 
ceous  earth,  or  schistus,  lies  under  a  bed  of  free- 
stone ;  and  under  all,  about  one  hundred  and 
thirty  cubits  from  the  surface,  is  a  bed  of  coal.  J 

175.  In  the  petroleum  lake  of  the  Island  of 
Trinidad,  described  PkiL  Trans.  1789,  the  petro- 
leum evidently  exudes  from  the  rock,  and  is  col- 
lected in  a  variety  of  springs  in  the  bottom,  after 
which  it  hardens,  and  acquires  the  consistency  of 
pitch.  The  manner^  therefore,  in  which  petro- 
leum exists  in  the  strata,  is  very  consistent  with 

•  Encyelop^die,  niot,  Aspkaiic^ 

+  Voyage  en  Auvergne,  par  Legrand^  Tom,  I.  p.  351. 
X  Asiatic  Researches,  Vol  VI,  Art.  6.  p.  ISO. 
11 


the  idea  of  its  having  been  introduced  in  the  form 
of  a  hot  vapour* 

Even  amber  appears  to  have  some  relation  to 
coal.  It  is  found  in  the  unconsolidated  eaith  in 
Prussia  and  Pomerania ;  hut  I  am  not  sure  whether 
this  earth  is  travelled  or  not.  lu  the  same  earth 
where  the  amber  is  found,  there  is  often  a  mixture 
of  coaly  matter,  which  bums  in  the  fire  ;  it  is  ap- 
parently fibrous,  and  has  been  considered  as  a  kind 
of  fossil  wood.  * 

These  circumstances  make  out  a  connection  be- 
tween the  purer  bitumens  and  ordinary  coal  ;  but 
do  not,  it  most  be  acknowledged,  establish  any 
thing  with  respect  to  the  more  immediate  relation, 
supposed  in  this  theory  to  exist  between  them  and 
blind  coal.  It  is  probable,  indeed,  that,  to  dis- 
cover any  facts  of  that  kind,  the  natural  history  of 
both  substances  must  be  more  carefully  examined  ; 
the  natural  history  of  blind  coal,  in  particular,  has 
hitherto  been  but  little  attended  to. 

176*  A  fact  is  mentioned  by  Mr  Kirw^an,  which 
must  not  be  regarded  as  less  valuable  for  being  ad- 
verse to  this  theory.  It  is,  that  neither  petroleum, 
nor  any  fossil  bitumen,  is  found  in  the  vicinity  of 
the  Kilkenny  coal,  as  might  be  expected,  if  that 
coal  was  deprived  of  its  bituminous  part  by  subter- 
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disrilhhnn,^  This,  however,  admits  of 
explaiuition.  Though  a  general  connection,  on  the 
aboie  kjpotheait,  m^t  be  expected  between  bitu* 
Bens  md  infiisiHc  coal,  we  cannot  look  for  it  in 
everfinstMice.  The  heat  which  droveoff  the  httumea 
from  one  part  of  a  stratom  of  coal,  may  only  have 
fiMcedit  to  a  colder  part  of  the  same  stratum  }  and 
thns^  in  sqparatiiig  it  from  <me  portion  of  carbonic 
matter,  may  have  united  it  to  another.  BKndcoal 
may  therefore  be  found  where  no  bitumen  has  been 
actually  extricated.  In  Uke  manner,  bitumen  may 
have  been  separated,  where  the  coal  was  not  le* 
dnced  to  the  state  of  coak,  as  a  part  of  the  bitu^ 
men  only  may  have  been  driven  <^  and  eiioa^ 
left  to  prevent  the  coal  from  becoming  abaofaitdy 
infusible. 

It  should  be  considered  too,  if  the  bitomen  was 
really  separated,  and  forced,  in  the  state  of  vapour, 
into  some  argillaceous  or  limestone  stratum,  that 
this  stratum  may  have  been  wasted  and  worn  away 
long  ago,  ao  that  the  bitumen  it  contained  may 
have  entirely  disappeared.  It  does  not  therefbit 
necessarily  follow,  that,  wherever  we  find  blind 
eoalf  there  also  we  should  discover  some  of  ths 
purer  bitumens. 


*  Geol.  EsssLys,  p.  473. 


Note  x.  §  37- 


Tfie  Height  above  the  Level  of  the  Sea  at  which 
the  Marks  of  Aqueous  Deposition  are  now 
fiund* 

177*  We  have  two  methods  of  deteraiining  the 
minimum  of  the  cliange  which  has  happened  to  the 
relative  level  of  the  sea  and  land  ;  or  for  fixing  a 
limit,  which  the  true  quantity  of  that  change  must 
necessarily  exceed.  The  one  is,  by  observing  to 
what  height  the  regular  stratification  of  mountains 
reaches  above  the  present  level  of  the  sea;  the 
other  is,  by  determining  the  greatest  height  above 
that  level,  at  which  the  remains  of  marine  animals 
are  now  found.  Of  these  two  criteria,  the  first 
seems  preferable,  as  the  fact  on  which  it  proceeds 
is  most  general,  and  least  subject  to  be  affected  by 
accidental  causes,  or  such  as  have  operated  since 
the  formation  of  the  rocks.  The  resuhs  of  both, 
however,  if  we  are  careful  to  select  the  extreme 
cases,  agree  more  nearly  than  could  have  been  ex- 
pected. 

178.  The  mountain  Rosa,  in  the  Alps,  is  en- 
tirely of  stratified  rocks,  very  regularly  disposed, 
and  nearly  horizontal,  *     The  highest  summit  of 


208  ILLUSTRATIONS  OF  THE 

this  mountain  is,  by  Saiissure's  measuremcntt  2*30 
toisesj  or  14739  English  feet,  above  the  level  of 
the  sea,  or  lower  than  the  top  of  Mont  Blanc  only 
by  20  toises,  or  128  feet-  *  Tliis  is,  I  believe,  the 
highest  point  on  the  earth's  surface,  at  which  the 
marks  of  regular  stratification  are  certainly  known 
to  exist ;  for  though,  by  the  account  of  the  same 
excellent  mineralogist,  Mont  Blanc  itself  is  strati- 
fied, yet,  as  the  rock  is  granite,  the  stratification 
vertical,  and  somewhat  ambiguous,  it  is  much  less 
proper  tlmn  Monte  Rosa  for  ascertaining  the  limit 
in  question. 

179*  Again,  iu  the  new  Continent,  we  have  an 
instance  of  shells  contained  in  a  rock,  not  much 
lower  than  the  summit  of  Monte  Rosa.  This  is 
one  described  by  Don  Ulloa,  near  the  quicksilver 
mine  of  Guanca-Velica,  in  Peru*  The  height  at 
which  a  specimen  of  these  shells,  given  by  Ulloa  to 
M,  Legend  I,  was  found,  w^as  ^2222}  toiaes,  or 
14190  feet  English,  above  the  level  of  the  sea*t 
This  height  agrees  with  the  preceding,  within  5i9 
feet,  a  quantity  comparatively  smalL 

180.  The  last  of  the  facts  just  mentioned  is  cu- 
riously commented  on  by  Mr  Kirwan.  As  he  has 
proved,  he  says,  that  the  mountains  higher  than 

♦  Voyages  aiix  Alpes,  Tom.  IV.  §  2lS5* 
J-  See  HUt,  Acad,  dea  Scienct?8,  1770.     Pliys.  Gen^ralt*, 
No.  T. 
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&500  feet  were  all  formed  before  the  creation  of 
fish,  it  follows,  that  the  shells  found  at  Guanca- 
Velica,  raust  have  been  carried  there  by  the  de- 
luge.*    Now,  without  objecting  to  the  proof  here 
referred  to,  (though  it  seems  very  open  to  objec- 
tion,) it  is  sufficient  to  remark,  that,  if  the  sheik  at 
Guanca-Velica  were  carried  there  by  the  deluge,  or 
any  other  cause  that  ojierated  after  tlie  formation  of 
tlie  rock  of  which  the  mountain  consists,  they  can 
make  no  part  of  that  rock,  but  must  lie,  like  other 
adventitious  fossils,  loose  and  detached  on  the  sur- 
fece,  or  at  most  externally  agglutinated  to  the  stone. 
•This,  however,  is  certainly  not  the  fact  -,  for,  in  the 
account  just  quoted,  we  read^  that  Don  Ulloa  told 
M,  Legentil,  **  qu'il  avoit  detache  ces  coquilles 
d'un  banc  fort  dpais.'*     This  seems  plainly  to  indi^ 
rate,  that  the  shells  were  included  in  a  bed  of  rock. 
But,  granting  that  the  expression  is  a  little  ambi- 
guous, on  turning  to  the  Memoires  PhihsopMques 
of  the  same  author,  the  difficulty  is  completely  re- 
moved, and  it  is  made  evident,  that  these  shells  are 
in  fact  integrant  parts  of  the  rock.   **  On  voit  dans 
ces  montagneS'la,  (about  Guanca-Velica,  and  par- 
ticularly at  that  in  which  is  the  quicksilver  mine,) 
des  coquilles  enti^res,  petrifiees  et  enfermdes  au 
ailieu  de  la  roche,  que  les  eauK  de  pluie  mettent  2t 
decouvert.     Ces  coquilles  font  corps  avec  la  pierre  j 

*  GeoL  EisayB,  p.  54* 
VOL,  I*  0 


mais  malgr^  cela,  on  remarque  que  la  partie  qui  fiit 
coquille,  se  distingue  par  la  couleur,  la  structure, 
la  quality  de  la  maticre  de  tout  autre  corps  pierreux 
qui  Penferme,  et  du  massif  qui  s'est  fix^  entre  les 
deux  ecailles,"  *  &c.  He  goes  on  to  say,  that  one 
can  distinguish  marks  of  these  shells  having  been 
worn,  before  they  were  included  in  the  stone. 

181 »  Thus  it  appears,  that  whatever  proof  any 
fossil  shell  affords,  that  the  rock  in  which  it  is  found 
was  formed  under  the  sea,  the  same  is  afforded  by 
the  fossil  shells  of  Guanca-Velica  j  and  we  are, 
therefore,  perfectly  entitled  to  conclude,  that  the  re- 
lative level  of  the  sea  and  land  has  changed,  since 
the  formation  of  the  latter,  by  more  than  14000 
feet-  The  height  assumed  in  §  37  is  therefore 
much  under  the  truth  ;  and  the  water,  for  which 
the  Neptunists  must  provide  room  in  subterraneous 
caverns,  might  very  well  have  been  stated  at  more 
than  a  five«hundredtb  part  of  the  whole  mass  of  the 
earth. 

Thus  also  the  argument  by  which  the  Neptuii- 
ists  would  connect  the  creation  of  fish  with  the  be- 
ginning of  the  secondary  mountains,  falls  entirely 
to  the  ground.  Indeed,  it  is  strange  that  Mr  Kir- 
wan  should  have  supposed  it  possible,  that  the  shells 
in  question  were  loose  and  unconnected  with  the 
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rodt,  and  had  continued  so,  ever  since  the  deluge, 
in  such  elevated  ground,  where  the  torrents  wear 
and  cut  dawn  the  mountains  with  unexampled  vio- 
lence>  and  have  hollowed  out  Quebradas  so  much 
deeper  and  more  abrupt  than  the  glens  or  valliea 
among  other  mountains.  He  had  not,  I  believe, 
seen  the  passage  I  have  quoted  from  Ulloa ;  but  the 
drcumstances  did  not  warrant  the  shells  in  question 
to  be  regarded  as  extraneous  and  adventitious  fos* 
«l9.  A  geologist  should  have  known  better  than 
to  suppose  this  possible*  When  we  see  Voltaire 
ascribing  to  accidental  causes  the  transportation  of 
those  shells  which  he  had  been  told  were  often 
found  among  the  Alps,  we  can  excuse  in  a  Poet 
and  a  Wit,  that  ignorance  of  the  facts  in  mineralo- 
gy, which  concealed  from  him  the  extreme  absur- 
dity of  his  assertion  ;  but  when  a  Chemist  or  Mi- 
neralogist talks  and  reasons  in  the  same  manner, 
we  cannot  consider  him  as  entitled  to  the  same  in- 
dulgence. 


Note  xi.  §  42. 
Fracture  and  Dislocation  of  the  Strata. 


t 

T    182,  The  greatest  part  of  the  facts  relative  to  the 

■  fracture  and  dislocation  of  the  strata,  belongs  to  the 

■  history  of  veins.     The  instances  of  sUps^  where  no 


new  mineral  substance  is  introduced  between  the 
separated  rocks,  are  what  properly  belong  to  this 
place.  The  frequency  of  these,  and  their  great  ex- 
tent, are  well  known  wherever  mines  have  been 
wrought.  In  some  of  them  no  opening  is  left,  but 
the  slipped  strata  remain  contiguous;  in  other 
cases,  there  is  introduced  an  unconsolidated  earth, 
often  a  clay,  which  may  be  supposed  to  have  come 
from  above,  and  very  probably  to  have  been  carried 
down  by  the  water.  In  some  such  cases,  however, 
there  are  not  wanting  appearances,  which  show  the 
matter  in  the  slip  to  have  been  forced  up  from  be- 
low, as  we  find  it  to  contain  substances  which  could 
not  have  come  from  the  surface,  ♦ 

183.  A  very  remarkable  fact  of  this  kind  occur- 
red not  long  ago,  in  digging  the  Huddersfield 
canal  in  Yorkshire  ;  and  a  very  distinct  account  of 
it  is  given  in  the  Philosophical  Transactions^  by 
the  engineer  who  directed  the  work.  In  carrying 
a  tunnel  into  the  heart  of  a  hiU,  the  miners  came 
to  what  is  called  in  the  description  stjaull^  throw, 
or  breakf  or  what  we  have  here  called  a  shift, 
which  was  filled  with  shale  set  on  edge,  mixed 
with  softer  earth,  and  in  some  places  with  small 
lumps  of  coal.      The  fault  or  space  filled  with 

•  Unconsolidated  earth  contained  between  the  sides  of  a 
rock  thai  Ims  slipped j  is  frequeiu  in  Cornwall,  and  u  called  a 

Fiettlcan* 

\ 
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these  materials,  was  in  general  about  four  yards 
broad,  and  lay  nearly  in  the  direction  of  the  tun- 
nel, so  that  a  considerable  extent  of  it  was  visible- 
Beside  the  shale,  it  contained  a  rib  of  limestone, 
about  four  feet  thick,  which  run  parallel  to  the 
sides  of  the  fatiH^  and  about  four  feet  from  the 
southern  margin  of  it.  On  each  side  of  this  rib 
were  found  balls  of  limestone,  promiscuously  scat* 
tered,  and  of  various  sizes,  from  an  ounce  to  one 
hundred  pounds  weight.  The  balls,  when  broken, 
were  found  to  contain  some  pyrites  near  their 
edges ;  they  were  not  perfectly  globular,  but  flat- 
tened on  the  opposite  sides,  and  similar  to  one 
another.'  At  the  time  when  the  account  was 
written,  about  seventy  yards  of  the  rib  had  been 
discovered. 

l&t.  Now,  it  is  certain,  that  neither  this  rib  of 
limestone,  nor  the  balls  that  accompanied  it,  can 
have  come  from  above,  as  there  is  no  limestone 
within  twenty  miles  of  the  place  where  they  were 
found.  They  must,  therefore,  have  been  forced 
up  from  below,  and  no  doubt  belong  to  some  lime- 
stone strata,  which  lie  there  at  a  great  depth  un- 
der the  surface.  The  length  of  this  fragment  of 
rock,  which,  from  the  account,  one  must  suppose 
to  have  been  entire,  conveys  no  mean  idea,  either 
of  the  intensity  or  regularity  of  the  force  by  which 
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it  was  brought  into  its  present  situation.  In  veins, 
it  is  not  uncommon  to  meet  with  stones  that  ap- 
pear to  have  come  from  a  greater  depth  :  but  thi^ 
is  probably  the  most  remarkable  instance  of  the 
same  phenomenon,  which  has  appeared  in  a  mere 
slip,  and  none,  I  think,  can  speak  a  hmguage  less 
liable  to  be  misunderstood. 

185.  I  shall  here  mention  another  mark  of 
violent  fracture*  that  has  been  observed  in  rocks  of 
breccia  or  pudding-stone,  which,  though  not  of 
the  same  kind  with  the  preceding,  and  of  a  nature 
quite  peculiar,  belongs  rather  to  this  place  than 
any  other.  In  rocks  of  the  kind,  just  mentioned, 
it  sometimes  happens,  that  considerable  portions 
are  separated  from  one  another,  as  if  by  a  mathe- 
matical plane,  which  had  cut  right  across  all  the 
quartzy  pebbles  in  its  way.  None  of  the  pebbles 
are  drawn  out  of  their  sockets,  that  is,  out  of  the  ce- 
ment that  surrounds  them,  but  are  divided  in  two 
with  a  very  smooth  and  even  fracture.  The  pebbles, 
in  the  instances  which  I  have  seen,  were  of  quartz, 
and  other  species  of  primary  and  much  indurated 
rock. 

Lord  Webb  Seymour  and  I  observed  pudding- 
stone  rocks,  exhibiting  instances  of  this  singular 
kind  of  fracture,  near  Oban,  in  Argyleshire,  about 
three  years  ago.  The  phenomenon  was  then  en- 
tirely new  to  us  both ;  but  I  have  since  met  with 
an  instance  of  the  same  kind  in   Saussure's  last 
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work.  As  the  fact  is  of  so  particular  a  kind^  I 
shall  state  it  in  his  own  words  :  The  place  was  oa 
the  8ea  shore,  near  the  little  town  of  Alassio,  be^ 
tween  Nice  and  Genoa. 

**  En  passant  entre  ces  blocs  de  br^che,  j'ad- 
mirai  quelques-uns  d'entr'eux,  d*une  grandeur 
considerable,  et  tallies  en  cubes,  avec  la  plus  par- 
faite  r^gularit^.  II  y  avoit  ceci  de  remarquable, 
c*est  que  Paction  de  la  pesanteur^  qui  avoit  tailld 
ces  cubes  en  rompant  leurs  couches,  avoit  coupe 
tous  les  cailloux  des  br^ches  a  fleur  de  la  surface 
de  la  pierre,  aussi  nettement  que  si  c'eCkt  ^t^  une 
masse  molle  qu*on  eiit  tranch^e  verticalement  avec 
un  rasoir.  Cependant  parmi  ces  caOloux,  la  plu- 
part  calcaires,  il  s'en  trouvoit  de  tr^s  durs,  de  pe- 
trosilex,  par  exemple,  mtme  de  jade,  qui  ^toient 
tianchees  tout  aussi  nettement  que  les  autres/*  ♦ 

186.   This    description  is   no   doubt   accurate, 

tkough  it  involves  in  it  something  of  theory,  viz* 

that  the  fracture  was  made  by  the  weight  of  the 

stone.     Tills  may  indeed  be  true :   the  operation 

probably  belongs  altogether  to  the  surface,  and  is 

one  with  which  the  powers  of  the  mineral  regioni 

are   not  directly  concerned.     The  phenomenon, 

however,  appears  to  me,  on  every  supposition,  very 

difficult  to  explain.      In  the  specimen  which  I 

brought  from  Oban,  the  smallest  pieces  of  stone 

•  Voyagei  aux  Alp€A,  Tom.  iil.  §  1731* 


are  cut  in  two,  as  well  as  the  largest.  The 
consolidation  and  hardness  of  the  mass  are  very 
great,  and  the  connection  of  the  different  frag* 
ments  so  perfect,  that  it  is  no  wonder  the  whole 
should  break  as  one  stone.  But  still,  that  the 
fracture  should  be  so  exactly  in  one  plane,  and 
without  any  shattering,  is  not  a  little  enigmatical ; 
if  it  is  indeed  a  fracture,  it  must  be  the  consequence 
of  an  immense  impulse,  very  suddenly  communi- 
cated. 


Note  xii.  §  43. 

Ekvaiwn  and  Jnfieclion  of  the  Strata, 

I87.  The  evidence  of  the  different  formation  of 
the  primary  and  secondary  strata,  and  of  the  changes 
which  the  former  have  undergone,  is  best  seen  at 
the  points  where  those  strata  come  into  contact 
with  one  another,  Dr  Hutton  was  not  the  first 
who  obseiTed  these  junctions,  though  the  first  who 
rightly  interpreted  the  appearances  which  they  ex- 
hibit. He  has  mentioned  observations  of  this  sort 
by  Deltic  on  the  confines  of  the  Hartz  ;  by  the  au- 
thor of  the  Tableau  de  la  Suisse^  at  the  pass  of 
Yetz ;  by  Voight,  in  Thuringia  j  and  Schreiber, 
at  the  mountain  of  Gardette*  * 

•  Theory  of  the  Earth,  Vol.  I,  p,  4^10,  ta  463. 


The  leadiBg  facts  to  be  remarked,  are, 

1.  The  vertical  or  very  upright  position  of  the 
primary  or  lower  strata. 

12.  Tlie  superstratifieation  of  the  seconda^,  in  a 
position  nearly  horizontal,  so  as  to  be  at  right  angles 
to  those  on  whicli  they  rest. 

ni.  The  interposition  of  a  breccia  between  them  ; 
or,  as  happens  in  many  cases^  the  transition  of  the 
lowest  of  the  secondary  beds  into  a  breccia,  eon* 
taining  fragments  sometimes  worn,  sometimes  an- 
gular, of  the  primary  rock* 

This  last  is  a  phenomenon  extremely  general,  and 
all  onr  subsequent  information  confirms  Dr  Hut- 
ton's  anticipations  concerning  it.  *'  It  will  be  very 
remarkable,*'  he  says,  **  if  similar  appearances, 
(such  as  those  of  the  breccia  described  by  Voight,) 
are  always  found  upon  the  junction  of  the  Alpine 
with  the  level  countries."  •  Saussure,  in  a  part  of 
his  work,  not  published  when  Dr  Hutton  wrote 
this  passage,  has  attested  the  generality  of  the  fact 
with  respect  to  the  whole  Alps,  from  the  Tyrol  to 
the  Meditermnean  :  **  Un  fait  que  Ton  observe 
ms  aucune  exception,  ce  sont  les  amas  de  ddbris, 
sous  la  forme  de  blocs,  de  breches,  de  poudingues, 
de  gr^s,  de  sable,  ou  amonceles,  et  formant  des 
montagnes,  ou  des  collines,  disperses  sur  le  bord 


•  Theory  of  die  Earllj,  VoL  L  p,  4*8. 
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exterieur,  ou  mdme  dans  les  plaines  qui  bordeat  la 
chaine  des  Alpes."  * 

This  passage  is  perfectly  decisive  as  to  the  gene- 
rality of  the  fact,  that  the  Alps,  from  the  Tyrol  to 
the  Mediterranean,  are  bordered  all  round  by  pud- 
ding-stones or  breccias.  At  the  same  time,  it  is 
necessary  to  remark,  that  M.  Saussure,  by  enumer- 
ating loose  blocks  and  sand,  along  with  pudding- 
stones,  breccias  and  grit,  confounds  tc^ther  things 
which  are  extremely  diflferent,  and  which  ha^  had 
their  origin  at  periods  extremely  remote  from  one 
another.  The  consolidated  rocks  of  brecda,  pud- 
ding-stone and  grit,  though  they  are  indications  of 
waste,  have  received  their  present  character  at  the 
bottom  of  the  sea :  the  loose  blocks  of  stone,  the 
sand  and  gravel,  on  the  other  handi  are  the  effects 
of  the  waste  now  going  forward  on  the  surface  of 
the  land,  and  are  the  materials  out  of  which  rocks 
of  the  three  kinds  just  mentioned  may  hereafter  be 
composed.  If  so  skilful  a  mineralogist  as  Saussure 
is  guilty  of  such  inaccuracy,  it  must  be  ascribed  to 
the  confusion  necessarily  arising  from  the  system 
which  he  followed,  and  not  to  his  own  want  of  dis- 
crimination* 

188.  The  same  phenomenon,  of  a  breccia  cir- 
cumscribing the  primary  mountains,  is  met  mtix  in 

♦  Voyages  aux  Alpes,  Tom.  IV.  §  2SS0. 
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land  ;  and  the  Grampians,  wherever  they  are 
ded  by  secondary  strata,  whether  on  the  south 
north,  afford  examples  of  it.  T?he  breccia  gene- 
y  consists  of  the  fragments  of  the  primary  rock, 
i|  commonly  rounded,  but  sometimes  also  angu- 
united  by  a  cement  of  secondary  formation, 
Id  the  whole  disposed  in  horizontal  beds.  It  was 
Itlie  constancy  of  this  accompaniment  of  the  pri- 
warj  strata,  and  on  the  great  quantity  of  highly  po- 
lled gravel  often  included  in  these  breccias,  that 
p*  Hutton  grounded  the  hypothesis  of  the  double 
■sing  up  and  letting  down  of  the  ancient  strata, 
fe§4a 

189*  As  the  spots  where  the  primary  and  second- 
er rocks  may  be  seen  in  contact  with  one  another 
p  of  great  importance  in  geology,  and  present  to 
|e  senses  the  most  striking  monuments  of  the  high 
iqaity  and  great  revolutions  of  the  globe,  it  may 
useful  to  point  out  such  of  them  as  have  been  ob- 
in  this  island.     To  those  which  Dr  Hutton 
described,  I  have  a  few  more  to  add,  the  result 
some  geological   excursions,  which  I  made  in 
ipany  with  the  Right  Honourable  Lord  Webb 
LOur,  to  whose  assistance  I  have  been  much  in- 
tbted  in  the  prosecution  of  these  inquiries, 
190,  The  most  southern  junction  which  we  ob- 
ed  is  at  Torbay,  where  the  ancient  schistus 
ich  prevails  along  the  coast,  from  the  Land's 
id  to  that  point,  receives  a  covering  of  red  hori- 
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zontal  sandstone,  the  same  which  composes  the 
greater  part  of  Devonshire.  The  spot  where  the 
immediate  contact  is  visible,  is  on  the  shore,  a  lit* 
tie  to  the  south  of  Paynton  ;  and  one  circumstance, 
which  among  many  others  serves  to  distinguish  the 
different  formation  of  the  two  kinds  of  rock,  is,  that 
the  schistus,  which  is  elevated  here  at  an  angle  of 
about  45*",  is  full  of  quartz  veins,  which  v^ias  are 
entirely  confined  to  it,  and  do  not,  in  as  far  as  we 
could  observe,  penetrate  into  the  sandstone,  in  a 
single  instance.  It  is  probable,  that  oa  the  north 
shore  of  the  bay,  the  same  line  of  junction  is  visi- 
ble :  we  saw  it  at  Babicomb  Bay,  still  more  to  the 
northward. 

191*  From  this  place,  the  secondary  strata  of 
different  kinds  prevail  without  interruption,  along 
the  coast  of  the  British  Channel,  and  of  the  Ger- 
man Ocean,  as  far  as  Berwick  upon  Tweed,  and 
for  some  miles  beyond  it.     The  sea  coast  then  in- 
tersects a  primary  ridge,  the  Lammermuir  Hills, 
which  traverses  Scotland  from  east  to  west,  uniting, 
iiear  the  centre  of  the  country,  with  the  metalliier- 
ous  range  of  Leadliills,  and  afterwards  with  the 
mountains  of  Galloway.     The  section  which  the 
sea  coast  makes  of  the  eastern  extremity  of  this 
ridge,  is  highly  instructive,  from   the  great  dis- 
turbance of  the  primary  strata,  and  the  variety  of 
their  inflections.     The  junction  of  these  strata  with 
the  secondary,  on  the  south  side,  is  near  the  little 


sea-port  of  Eyemouth,  but  the  immediate  contact  is 
not  visible. 

On  the  north  side  of  the  ridge,  the  junction  is 
at  a  point  called  the  Siccar^  not  far  from  Dunglass, 
the  seat  of  Sir  James  Halij  Baronet,  By  being 
w^U  laid  open,  and  dissected  by  the  working  of  the 
leSf  the  rock  here  displays  the  relation  between  the 
two  orders  of  strata  to  great  advantage.  Dr  Hut- 
ton  himself  has  described  this  junction  ;  Theory  of 
the  Earth,  VoL  L  p.  46l. 

192.  From  the  point  just  mentioned,  the  se- 
condary strata  continue  as  far  as  »Stonehaven,  where 
the  southern  chain  of  the  Grampian  mountains  is 
intersected  by  the  sea  coast*  Here  a  great  mass  of 
pudding-stone  appears  to  lie  on  the  primary  strata^ 
but  their  immediate  contact  has  not  been  observed* 

193*  Going  along  the  coast  toward  the  north, 
the  next  junctions  which  we  saw  were  on  the  shore, 
one  near  Gai"denston,  and  another  near  Cuilent  in 
Banflshire.  The  latter  is  very  distinct ;  it  is  about 
a  mile  to  the  westward  of  the  rocks  called  The 
Three  Kings^  where  a  red  sandstone,  the  lower 
beds  of  which  involve  much  quartzy  giavel,  ties 
horizontally  upon  very  regular,  upright,  and  high- 
ly indurated  strata.  Some  of  these  strata  are  mi- 
QUsemis,  and  others  of  the  granulated  quartz,  men- 
lulled  in  §  153. 

19*.  This  last  is,  I  believe,  the  most  northern 
junction  which  has  been  observed  in  our  island. 


A^ 


824  ILLUSTRATIONS  OF  THE 

represented  them  in  a  plate.  *  He  has  mentioned 
another  jiinctioo,  not  far  from  this,  which  he  saw 
in  the  Tiviot,  Both  these  belong  to  the  same  pri* 
mary  ridge  with  the  Siccar  point* 

197,  1  shall  mention  only  one  other,  which  was 
discovered  by  Lord  Webb  Seymour  and  myself,  at 
the  foot  of  the  high  mountain  of  Ingleborough,  in 
Yorkshire.  As  we  went  along  the  Askrig  road 
from  Ingleton,  about  a  mile  and  a  half  from  the 
latter,  an  opening  appeared  in  the  side  of  the  hill^ 
on  the  right,  about  one  hundred  yards  from  the 
road,  formed  by  a  large  stone,  which  lay  horizon- 
tally, and  was  supported  by  two  others,  standing 
upright.  On  going  up  to  the  spot,  we  found  it 
was  the  mouth  of  a  small  cave,  the  stone  lying  ho- 
rizontally, being  part  of  a  limestone  bed,  and  the 
two  upright  stones,  vertical  plates  of  a  primary  ar- 
gillaceous schistus.  The  limestone  bed,  which 
formed  the  roof  of  the  cave,  was  nearly  horizontal, 
declining  to  the  south-east ;  the  schistus  nearly 
vertical,  stretching  from  north-west  by  west,  to 
south-east  by  east.  The  schistus,  though  close  in 
contact  with  the  limestone,  seemed  to  contain  no- 
thing calcareous,  and  did  not  effervesce  with  acids 
in  the  slightest  degree. 

As  this  cave  is  at  the  foot  of  Ingleborough,  a 
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coU  Wind,  2i^  below  the  temperature  of  the  exter- 
nal air,  which  issued  from  the  mouth  of  it,  might 
very  well  be  supposed  to  come  from  tiie  inmost  re- 
cesses of  that  mountain*  lugleborough,  which 
consists  entirely  of  strata  of  limestone  and  grit, 
neiriy  horizontal,  and  alternating  with  one  another, 
rises  to  the  height  of  1800  or  20U0  feet  above  the 
spat  where  we  now  stood.  This,  I  believe,  is  the 
greatest  thickness  of  secondary  strata  that  has  ever 
ben  observed  incumbent  on  the  primaiy,  and  it  is 
therefore  a  geological  fact  highly  deserving  of  at- 
tention. The  country  all  round,  to  a  very  great 
eitcnt,  is  composed  of  limestone,  with  a  few  beds 
of  grit  inter|)osed,  and  forming,  beside  Inglebo* 
raugh,  some  other  high  mountains,  such  as  Wharn- 
side  and  Pennigant,  all  resting,  it  is  probable,  on 
the  same  foundation. 

At  the  spot  just  described,  no  breccia  appeared 
to  be  interposed  between  the  primitive  and  second- 
^ry  rock  ;  but  we  found  a  breccia  at  another  point 
of  the  same  junction,  not  far  distant.  This  was  at 
a  cascade,  in  the  river  Greta,  called  Thornton 
Fof'ce,  about  two  miles  and  a  half  from  the  place 
just  mentioned.  The  Greta  here  precipitates  it- 
self from  a  horizontal  rock  of  limestone  ;  and,  af- 
ter a  fall  of  about  eighteen  or  twenty  feet,  is  re- 
ceived into  a  bason  which  it  has  worked  out  in  the 
primary  schistns.  This  schistus  is  in  beds  almost 
perpendicular  j  it  exactly  resembles  that  which  has 

VOL.  I.  P 


2Q6  ILLUSTRATIONS  OF  THE 

|ust  been  described,  and  stretches  nearly  in  the 
same  direction*  On  the  south  side  of  the  river  a 
breccia  was  seen,  lying  opon  the  schistus,  or  rather. 
It  might  be  said,  that  the  lowest  beds  of  limestone 
contained  in  them  many  rounded  fragments  of  stone» 
which,  on  comparison,  resembled  exactly  the  schis- 
tns  underneath.  The  primary  rock  itself  is  here 
seven  or  eight  hundred  feet  above  the  level  of  the 
sea. 

The  same  schistus,  somewhat  lower  down  the 
valley,  and  nearer  to  Ingletou,  appears  in  large 
quantities,  and  is  quarried  for  slate*  Here,  how- 
ever, the  immediate  junction  of  the  limestone  and 
schistus  does  not  appear* 

I  have  dwelt  longer  on  the  description  of  these 
appearances  than  on  any  others  of  the  same  kind* 
because,  from  the  great  mass  of  secondary  strata 
which  here  covers  the  primary,  the  circumstances 
are  such  as  we  cannot  expect  to  see  very  often  ex- 
emplilied, 

198.  The  Lakes  of  Cumberland  are  much  visit- 
ed by  travellers ;  and  it  may  be  worth  remarking, 
on  that  account,  that,  as  the  site  of  these  lakes  is  a 
patch  of  primary  country,  bounded  on  all  sides 
by  secondary,  so,  in  the  rivers  that  run  from  the 
lakes,  such  junctions  as  we  are  now  treating  of  may 
be  expected  to  be  found.  Under  Dun- Mallet,  on 
the  side  toward  Ulles  Water,  we  observed  a  brec- 
cia, which  was  in  horizontal  layers,  and  seemed 


HUTTONIAN  THEORY.  227 

to  He  on  the  primary  schistiis,  so  that  the  whole 
hill  is  perhaps  a  piece  of  more  indurated  breccia, 
or  secondary  rock,  which  has  resisted  the  wearing 
and  washing  down  of  the  rivers  better  than  the 
rest* 

199-  After  ascertaining  the  fact  of  the  disturbance 
of  the  strata,  and  their  removal  from  their  original 
position,  it  is  of  consequence  to  inquire  into  the 
direction  of  the  force  by  which  these  changes  have 
been  produced •  Now,  if  the  disturbed  or  elevated 
strata,  were  every  where  in  planes,  without  bend- 
ing or  sinuosity,  it  might  perhaps  be  hard  to  de- 
termine, whether  that  force  had  acted  in  the  di- 
rection of  gravity,  or  in  the  opposite.  Either  sup- 
position would  account  for  the  appearances ;  and, 
as  gravity  is  a  known  force,  providing  we  can  6nd 
some  place  fit  to  receive  the  matter  impelled  down- 
ward by  it,  its  action  would  furnish  the  most  pro- 

I     bable  solution  of  tlie  difficidty, 

I  It  is  on  this  principle  that  the  Neptunian  system 
proceeds*  imagining,  that  certain  great  caverns  or 
vacuities  having  been  opened  in  the  interior  of  the 
globe,  a  great  part  of  the  waters  which  formerly 
covered  its  surface,  retired  into  them,  and  much  of 
the  solid  rock  also  sunk  down  at  the  same  time* 
In  this  way,  one  extremity  of  a  stratum  has  been 
elevated,  while  the  other  has  been  depressed,  and  a 
certain  inclination  to  the  horizon  has  been  given  to 
,  the  whole  of  it.     Thus  one  cause  serves  two  pur- 
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poses ;  the  vacuities  m  tlie  Interior  of  the  earth 
account,  both  for  the  depression  of  the  sea,  and  the 
elevation  of  the  land  j  and  the  Neptunlsts,  if  the 
phenomena  were  all  soch  as  have  been  now  stated, 
might  boast  of  a  felicity  of  explanation,  not  very 
usual  in  their  system. 

But  this  appearance  of  success  vanishes,  when 
the  elevation  and  disturbance  of  the  strata  are  more 
minutely  examined,  and  are  found  to  include  wav- 
ing and  inflection,  in  a  great  variety  of  forms.     It 
then  becomes  evident,  that  the  beds  of  rock,  at  the 
time  when  tbey  were  disturbed  from  their  horizon- 
tal position  J  had  not  their  present  hardness  and  ri- 
gidity, but  were,  in  a  certain  degree  at  least,  soft 
and  flexible*     Without  these  qualities,  they  could 
not  have  received,  as  they  have  often  done,  the 
curvature  of  a  circle,  not  many  feet,  nay,  not  many 
inches,  in  diameter ;  nor  could  they  have  been 
bent  into  superficies,  with  their  curvature  in  oppo* 
site  directions,  so  that  the  same  surface  is  in  one 
part  convex,  and  in  another  concave,  on  the  same 
side,   with  a  line  of  contrary  flexure  interposed. 
These  are  appearances,  not  reconcilable  with  the 
mere  falling  in,  and  breaking  down  of  indurated 
rocks. 

200,  The  inflections  and  waviogs  that  we  are 
here  speaking  of,  though  not  peculiar  to  the  pri- 
mary strata,  are  found  most  frequently  among 
them,  jand  are  perfectly  familiar  to  every  ooe  who 
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Kite  travelled  among  mountaiiis  with  any  view  to 
the  study  of  geology.  The  following  are  a  few  in- 
ata&oes  of  this  phenomenon  out  of  a  great  number 
which  might  be  produced^ 

Saussure,  in  describing  the  route  from  Geneva 
to  Chamouniy  mentions  many  remarkable  instan-* 
ces  of  the  bending  of  the  strata,  and  particularly 
tvhere  the  small  stream  of  Nant  d'Arpenaz  forms 
a  cascade^  by  falling  over  the  face  of  a  perpendicu- 
lar limestone  rock.  The  strata  of  this  rock  are 
bent  into  circular  arches*  extremely  regular,  and 
with  their  concavity  turned  to  the  left.  What  de- 
serves particularly  to  be  remarked,  is,  that  a  moun- 
iain  behind  the  cascade  has  its  strata  bent  in  a  di- 
rection opposite  to  the  former,  or  with  their  con- 
cavity  to  the  right.  There  is  no  doubt  that  the 
ttrata  of  both  rocks  are  the  8ame»  so  that  a  vertical 
•eetion  of  them  would  give  a  curve,  in  the  figure 
of  an  S.  *  These  circumstances  are  mentioned  by 
Sa;iissure,  and  from  them  we  may  infer  this  other 
property  of  these  strata,  that  their  section  by  a  ho* 
rizontal  plane,  must  exhibit  a  system  of  straight 
iine&i  probably  all  parallel  to  one  another. 

The  same  mineralogist  describes  the  calcareous 
strata  which  compose  the  mountain  Achseobergp 
on  the  side  of  the  Lake  of  Lucerne,  as  having  from 

■  Voyages  aiix  A]pe«,  Vol  h  §  472  ;  iIjio,  Theory  of  the 
Eshb,  Vol  IL  p.  30. 
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top  to  bottom  of  the  mountain  the  form  of  the  let- 
ter S  compressed,  (tcrasie^)  with  their  curvature 
in  some  places  very  great*  These  inflections  are 
repeated  several  times,  and  often  in  contrary  direc- 
tions; the  layers  are  sometimes  broken,  where 
their  curvature  is  greatest.  ♦ 

On  the  side  of  the  same  lake,  is  another  instance 
of  bent  strata,  in  a  mountain,  of  which  the  beds 
are  horizontal  in  the  lower  part,  but  are  bent  at 
one  end  upwards,  in  the  form  of  the  letter  C«  The 
horizontal  part  is  of  great  extent,  and  the  rock  is 
also  calcareous,  f 

The  Montague  de  la  Tuile,  near  Montmelian, 
receives  its  name  from  the  beds  of  rock  being  in- 
curvated  in  form  of  a  tile.  %  Among  secondary 
mountains,  the  same  kind  of  phenomena  are  observ- 
ed, though  less  frequently,  and  with  less  variety  ^ 
inflection.  The  chain  of  Jura  is  secondary,  and 
the  beds  which  compose  it  are  of  limestone,  or  of 
grit :  they  are  bent  in  such  a  manner,  that  in  a 
transverse  section  of  the  mountain,  each  layer  would 
have  the  figure  of  a  parabola.  § 

201.  The  Pyrenees  furnish  abundance  of  pheno- 
mena of  the  same  kind,  as  we  learn  from  the  Essai 


*  Voyages  aux  Alpes^  Tom.  IV.  §  1935. 
t  Ibid.  §  1937. 

X  Ibid.  Vol.  III.  §  1182,  and  Plate  I. 
§  Ibid.  Tom.  I.  $  334. 
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gur  la  Mineralogie  des  Pyrenees.  The  calcareous 
strata  of  the  valley  of  Aspe,  represented  Plate  V* 
of  that  work,  deserve  particularly  to  be  remark- 
ed. 

304.  Our  own  island  abounds  with  examples  of 
the  bending  and  inflection  of  the  strata,  especially 
the  primary,  and  many  of  them  veiy  much  resem- 
bling those  in  the  Alps  and  Pyrenees.     On  the 
top  of  the  mountain  of  Ben-Lawers,  in  Perthshire, 
there  is  a  rock,  the  face  of  which  exhibits  a  section 
of  a  great  number  of  thin  equidistant  layers,  bent 
backwards  and  forwards  like  those  described  by 
Saussure  ;  and  this  unequivocal  proof  of  the  rock 
B  Having  once  existed  in  the  state  of  a  flexible  and 
tenacious  paste,  is  rendered  more  striking,  by  the 
great  elevation  of  the  spot,  and  the  ruggedness  and 
induration,  both  of  the  stone  itself,  and  of  every 
thing  that  surrounds  it*     Many  other  mountains 
in  this  tract  consist  of  a  schistus,  which  is  talcose 
rather  than  micaceous,  and  subject,  in  a  remarkable 
degree,  to  the  sort  of  sinuosity  and  inflection  here 
treated  of- 

The  appearances  of  the  primary  strata  on  the 
coast  of  Ber^vickshire,  have  been  aheady  mention- 
ed, as  affording  much  valuable  instruction  in  geolo- 
gy. They  also  exemplify  the  waving  and  inflec- 
tion of  the  strata  on  a  large  scale,  and  with  great 
variety,  A  section  of  seme  of  them  is  given  by 
Dr  Hutton,  in  his  Theory  of  the  Earth,  Vol.  L 
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from  a  drawing  macle  by  Sir  James  Hall.  I%e 
nature  of  the  curve  superficies  into  which  the  schis- 
tus  is  bent,  is  the  better  understood  from  iins,  \ 
that,  besides  transverse  sections  from  north  to 
south,  the  deep  indentures  which  the  sea  has  made, 
and  the  projecting  points  of  rock,  exhibit  many 
longitudinal  sections,  in  a  direction  from  east  to 
west. 

SOS.  The  dock-yards  at  Plymouth  are  in  several 
places  cut  out  of  a  solid  rock  of  primary  sefaistas, 
singularly  incurvated.  The  inflections  are  seen 
there  to  great  advantage,  being  exhibited  in  three 
.  sections,  at  right  angles  to  one  anothar,  transferse, 
longitudinal  and  horizontal. 

S04.  From  these  instances,  to  which  it  were 
easy  to  add  many  more,  two  condusiona  may  be 
drawn.  The  first  of  these  is  very  obvious,  vis. 
that  the  strata  must  have  been  pliant  and  soft  when 
they  acquired  their  present  form.  The  bending  of 
an  indurated  bed  of  stone  into  an  arch  o£  great 
curvature,  and  without  fracture,  as  in  the  preced- 
ing examples,  is  a  physical  impossibility.  Saussure 
has  indeed  observed  a  fracture  to  accompany  the 
bending,  in  one  or  two  cases ;  but  it  is  an  uncom- 
mon phenomenon,  and,  where  it  happens,  n^ust  no 
doubt  be  understood  to  indicate  an  imperfect  flexi* 
bility.  Now,  if  it  be  granted  that  the  strata  were 
at  any  time  soft  and  flexible,  since  their  complete 
fonnation,  it  will  be  found  impowble  to  deny    | 
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tketr  having  been  softened  by  the  applicatioii  of , 
heat. 

205*  The  second  conclusion,  alluded  to  above^ 
results  from  a  property,  which  belongs  very  gene- 
mlly,  if  not  universally,  to  the  inflections  of  the 
strata.  This  consists  in  their  curvature  being  sim- 
jie,  or  in  one  dimension  only,  like  a  cylindiic  super- 
ficies, not  double,  or  in  two  dimensions,  like  the  su* 
pci*ficies  of  a  sphere  or  spheroid.  This  may  be  other- 
wise expressed  by  saying,  that  the  sections  of  the 
bent  strata,  by  a  horizontal  plane,  are  straight  lines, 
parallel  to  one  another*  On  this  account,  every 
such  stratum  seems  as  if  it  were  bent  over  an  axis^ 
and  the  axes  of  all  these  different  bendings,  for  a 
great  extent  of  country,  are  nearly  paralleL 

The  truth  of  this  is  evident,  where  the  strata  are 
seen  both  transversely  and  loogitudinally.  It  holds 
remarkably  of  the  primary  schistus  on  tbe  coast  of 
Berwickshire  ;  where  the  beds  of  rock,  if  cut  trana* 
versely,  by  a  vertical  plane,  exhibit  the  figures  of 
very  oompUcated  curves,  with  various  tjiasima  and 
minima^  and  points  of  contrary  flexure  ;  but,  if  they 
are  cut  by  a  horizontal  plane,  the  section  will  pro* 
duce  nothing  but  straight  lines,  neady  parallel* 

206.  The  constancy  of  the  direction  of  the  pri- 
mary strata,  when  estimated  by  their  intersection 
with  the  horizontal  plane,  is  often  very  remark- 
able.     Their  elevation  and  flexure  ai-e  subject  to 
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great  and  sudden  changes,  so  as  to  pass  not  only 
from  greater  to  less,  but  from  one  side  to  the  appo- 
site, within  a  small  distance  ;  but  the  horizontal 
line  in  which  they  stretchy  usually  preserves  the 
same  bearing  to  a  great  extent.  The  general  di- 
rection of  the  primary  strata,  in  the  south  part  of 
Scotland,  is  from  E,N,E*  to  W-S.W. ;  and  the 
same  is  nearly  true  of  those  which  compose  the 
ridge  of  the  Grampians  on  the  north,  and  the  hills 
of  Cumberland  and  Westmoreland  toward  the 
south,  though  between  the  schistus  of  these  three 
tracts,  there  is  no  communication  at  the  surface, 
each  being  entirely  separated  from  the  one  next  it, 
by  the  interposition  of  secondary  strata,  I  have  al- 
ready mentioned  the  observations  of  Lord  Webb 
Seymour  and  myself,  at  the  foot  of  Ingleborough  j 
and  it  appears  from  them,  that  the  vertical  schistus 
on  which  that  mountain  rests,  though  it  still  pre- 
serves an  eastern  and  western  direction,  varies  seve- 
ral points  from  that  of  the  more  northern  strata* 
The  strata  of  Wales  return  more  to  the  first  men- 
tioned direction,  and  those  of  Devonshire  and  Corn- 
wall agree  with  it  very  nearly.  In  all  this,  it  will 
be  easily  conceived,  that  I  do  not  mean  to  speak 
with  absolute  precision,  or  to  deny  the  existence  of 
great  local  irregularities.  The  result  given  is  only 
a  kind  of  average,  deduced  from  observations  hard- 
ly susceptible  of  great  exactness,  and  not  yet  suffi-  _ 


ciently  multiplied  to  give  to  the  conclusion  all  the 
accuracy  it  may  attain. 

S07*  This  tendency  of  the  primary  strata  to 
take  a  uniform  direction^  has  also  been  observed  ia 
other  countries.  Saussure  remarked  in  the  Alps, 
that  the  beds  of  schistus  are  generally  parallel  to 
the  chains  of  mountains  composed  of  them  ;  *  and 
this  remark  is  probably  applicable  to  aU  moun- 
tains consisting  of  primary  strata.  The  general  di- 
rection, therefore,  of  the  schistus  of  the  Alps,  must 
be  confined  between  W*  10''  S.  and  W.  40^  S.  In 
the  Pyrenees,  the  direction  of  the  strata  is  about 
W.N^W*  t  If  Saussure *s  rule  may  be  depended 
on,  the  schistus  of  the  Altaic,  and  most  of  the  other 
great  chains  in  the  old  continent,  are  in  directions 
that  run  considerably  to  the  south  of  west.  The 
Urals,  and  perhaps  some  other  of  the  northern 
chains,  are  however  entirely  different.  In  the 
Urals,  as  we  learn  not  only  from  the  general  direc- 
tion of  the  chain,  but  from  a  section  of  it  in  the 
lOth  volume  of  the  Nova  Acta  of  Petersburgh, 
(Tab,  12,)  the  direction  of  the  strata  is  nearly  from 
N,  to  S.  This  last  is  probably  the  direction  in  the 
great  chains  of  South  America ;  so  that  the  uni- 
formity of  direction  in  the  primary  strata,  which 
some  mineralogists  would  extend  to  those  of  the 

•  Voyages  aux  Alpes,  Torn,  L  §  577* 
f  £85al  stir  la  Minerabgle  dcs  Pyrenees. 
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whole  earth,  is  certainly  imaginary,  though  there 
can  be  no  doubt  that  it  extends  over  very  laige 
portions  of  the  earth's  surface,  ♦ 

*  It  is  perhaps  unneceseary  to  observe,  that  the  two  pro- 
posiiion&i  that  ill  e  mter&ections  of  the  strata  with  the  horizon 
are  parallel  lines ;  and  thai  they  are  h*nes  which  preserve  the 
Bame  bearing  with  respect  to  the  points  of  the  compass ;  are 
nearly  the  same  thing  for  tracts  of  moderate  extetit^  but  for 
large  portioriB  of  the  earth's  surface  are  extremely  difFerent* 
If,  for  inslance,  the  belt  of  primary  vertical  schittiis,  wiiicb 
travei^s  tlie  south  of  Scotland,  were  to  be  produced  east- 
ward In  the  same  plane,  from  its  northern  extremity^  where 
its  direction  is  E*K.E-  and  its  latitude  55^  57',  it  would  cut 
the  meridian  always  less  oblicjuely  as  it  advanced^  lill,  bavmg 
increased  its  longitude  about  26"  28',  it  would  be  at  right 
angles  to  the  meridian,  and  its  direction  of  consequeDce  due 
east  and  west.    This  would  happen  In  the  parallel  of  58"  ST, 
(oD  the  shore  of  the  Gutf  of  Fialand,  near  Revel^)  the  strata 
being   now  extended  about  880  G*  miles  from  the   Siccar 
Point,     Conversely,  vertical  strata,  having  the  same  beariflg 
with  respect  to  the  meridian,  may  be  in  planes  very  much 
inclined  to  one  another.     A  stratum  which  bears  east  and 
west  in  CornwaLl,  and  one  that  does  tlie  same  at  the  east  end 
of  the  Altaic  chain,  will  be  in  planes,   which^   if  produced, 
would  cut  one  another  at  right  angles*  All  this  is  su^cieutly 
plain  from  the  doctrine  of  the  sphere,  and  is  mentiooed  here, 
merely  as  a  caution  to  prevent  too  hasty  conclusions  from 
being  drawn  from  any  correspondence  of  bearing  among  the 
strata  of  remote  countries. 

For  the  sake  of  those  who  would  deduce  the  medium 
bearing  of  any  body  of  strata  from  a  number  of  observations^ 
it  may  be  proper  to  take  notice,  that  the  true  average  is  not 


208.  The  tendency  of  the  primary  strata  to  re- 
main straight  in  the  horizontal  direction,  and  to 
be  tent  in  the  vertical,  is  a  phenomenon  which 
points  very  directly  to  the  ^causes  from  whence  il 
has  arisen.  A  surface  of  simple  curvature,  or  a 
surface  straight  in  one  direction,  is  what  the  appli- 
cation of  forces  to  different  points  of  a  plane,  which 
is  flexible,  though  with  a  certain  degree  of  rigidity, 
will  naturally  produce.  The  supposition,  there- 
fore, that  these  strata  were  once  flat  and  horizon- 
tal, and  were  impelled  upward  from  that  situation 
before  they  had  become  rigid  or  hard,  will  explain 
their  having  the  kind  of  cun^ature  which  removes 
them  as  little  as  possible  from  their  original  condt- 
tion*  But  no  other  hypothesis  affords  any  reason 
why  they  should  have  that  curvattire  more  than  any 
other.  From  the  falling  in  of  roofs  of  caverns,  we 
might  expect  fracture  and  dislocation,  without  any 
order  or  regularity ;  but  certainly  no  bending  or 
sinoodty,  nor  any  symmetrical  arrangement.     If, 


t^  be  found  by  simply  taking  an  arklimetlcal  mean  among 
all  the  observations.  A  more  exact  way  is  to  work  by  the 
traverse  table,  as  in  keeping  a  ship's  reckoning,  (supposing 
the  diatance  run  to  be  always  unity »)  and  to  compute  from 
the  obaerved  bearings  the  amount  of  all  tlie  southing  or 
Dortbiogj  aod  u\w  of  all  the  easting  or  westings  The  £um  of 
tlj  the  latter,  divided  by  the  aum  of  all  the  former,  is  the 
tangent  of  the  angle  which  the  general  direction  of  the  strata 
makes  with  the  meridian. 
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as  sotne  mineral(^8ts  allege,  the  curvature,  as  well 
as  indination  of  the  strata,  arose  from  the  irrtgo- 
larities  of  the  bottom  on  which  they  were  deposit- 
ed, why  is  the  former  in  one  dimension  only,  and 
why  is  it  not  in  eyery  direction,  like  that  of  hills 
and  valleys,  or  the  actual  surface  of  the  earth  ?  Or, 
lastly,  if  the  whole  structure  of  the  primitive  moun- 
tains is  an  effect  of  crystallization,  and  if  these 
mountains  are  now  such  as  they  have  ever  been 
from  the  time  of  their  consolidation,  whence  is  it, 
that,  in  their  bendings  the  law  just  mentioned  is 
so  constantly  observed  ?  Indeed,  the  idea  of  a- 
scribing  the  inflections  of  the  strata  to  crjrstaUisa- 
tion,  though  suggested  by  Saussure,  *  and  since 
become  a  favourite  system  with  several  mineralo- 
gists, appears  to  me  in  the  highest  degree  unsatis- 
factory and  illusive.  The  purpose  for  which  cry- 
stallization is  here  introduced,  is  not  to  give  a  spe- 
cific figure  to  a  particular  substance,  but  to  arrange 
the  substances  which  it  has  formed  and  figured, 
according  to  certain  rules  ;  a  work  which  we  know 
not  how  it  is  to  perform,  and  in  which  we  have  no 
experience  of  its  power.  Accordingly,  this  prin- 
ciple does  not  account,  in  any  way  whatever,  for 
the  circumstances  which  attend  the  inflection  of 
the  strata,  for  the  simple  curvature  which  they  af- 
fect, nor  for  that  parallelism  of  their  layers^  which, 

•  Voyages  aux  Alpes,  Tom.  I.  §  475. 


in  all  tbeir  bendingSi  is  so  accurately  preserved. 
It  does»  indeed,  so  little  serve  to  explain  these 
facts,  that,  were  the  appearances  completely  revers- 
ed ;  did  the  strata  assume  the  most  complex,  in* 
stead  of  the  most  sunple  curvature ;  instead  of 
equidistant,  were  they  converging,  or  alternately 
receding  and  approaching  to  one  another  ;  the 
theory  of  crystallization  might  be  equally  applied 
to  them.  The  state  of  the  phenomena  is  a  matter 
of  perfect  indifference  to  such  a  theory  as  this  :  all 
things  are  explained  by  it  with  the  same  facility  j 
the  straight  and  the  crooked,  the  stjuare  and  the 
round,  the  moveable  and  the  immoveable.  Is  it 
not  evident  that  such  an  explanation  is  a  mere 
word  ;  or,  if  any  thing  more  than  a  word,  an  ex- 
pression of  our  ignorance,  so  awkward  and  indi- 
rect, as  to  deprive  us  of  whatever  credit  might 
have  been  gained  by  a  plain  and  candid  avowal  of  it? 
It  should  never  be  forgotten,  that  a  theory  which 
accounts  for  any  things  and  a  theory  which  ac- 
counts for  nothings  stand  precisely  on  the  same 
footing,  and  ought  to  be  banished  from  all  parts  of 
philosophy,  as  they  have  been  from  those  sciences 
wliich  are  justly  honoured  with  the  name  of  accu- 
rate. The  animated  orbs  of  Aristotle,  and  the 
vortices  of  Descartes,  have  long  ceased  to  be  men- 
tioned in  physical  astronomy  ;  the  first,  because, 
they  accounted  for  every  thing  alike  j  the  second, 
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because,  when  they  accounted  for  one  thing,  they 
never  could  be  made  to  account  for  another.  Both 
theories,  therefore,  have  very  properly  been  reject- 
ed ;  and,  when  geology  sbatl  undergo  a  similar  pu* 
rification,  the  principle  we  have  been  considering 
will  not  be  the  only  sacrifice  required  of  the  Nep- 
tunian system. 

S09,  An  appearance  observed  in  some  kinds  of 
primary  schist  us,  which  clearly  indicates  their  de- 
position by  water,  and  in  planes  very  different  from 
those  in  which  we  now  see  them,  though  it  might 
have  been  introduced  before,  is  also  much  connect* 
ed  with  the  present  argument.     This  appearance 
consists  of  small  wavinj^s  or  undulse  on  the  surface 
of  the  plates  of  schistus,  precisely  similar  to  tho«e 
marks  which  are  left  by  the  sea  on  a  gently  inclin- 
ing beach  of  sand,  at  the  ebbing  of  the  tide.     All 
the  species  of  schistus  do  not  seem  to  afford  in* 
stances  of  these  wavings.     The  rocks  which  do  so» 
are,  I  think,  chiefly  of  the  argillaceous  kind,  but 
often  highly  indurated  j  so  that  the  lamiu©  con- 
taining the  impressions  are  not  to  be  torn  asunder 
but  with  great  diiBculty.     Instances  of  it  abound 
in  the  schistus  of  Berwickshire,  and  are  also  not 
unfrequent  in  that  of  Galloway.     AH  must  agree 
about  the  agent  which  produced  these  marks ;  it 
could  be  no  other  than  the  sea  ;  but  it  must  have 
been  the  sea  acting  on  loose,  small  and  round  psr* 

12 
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tkleSf  lying  on  a  surface  which  was  nearly  hori- 
iontal. 

I  210.  Dr  Hutton*8  theory  is  no  where  stronger, 
dsan  in  what  relates  to  the  elevation  and  inflection 
if  the  strata;  points  in  which  all  others  are  so 
Igregiously  defective.  The  phenomena  to  be  con- 
lected  are  here  extremely  various,  and  even  in  ap- 
pearance contradictory:  the  horizontality  of  one 
piit  of  the  strata  ;  the  inclined  or  vertical  position 
of  another ;  the  perfect  planes  in  which  one  »et 
pre  extended  ;  the  breaking  and  dislocation  found 
bi  a  second  j  the  inflection  and  sinuosity  of  a  third ; 
psid  almost  every  where  the  utmost  rigidity  and  in- 
duration, combined  with  appearances  of  the  great- 
est soilness  and  flexibility ;  the  preservation  of  a 
parallelism  of  superficies  in  the  midst  of  so  much 
irregularity,  and  the  assumption  of  a  determinate 
ipecies  of  cui*vature,  under  circumstances  the  most 
dissimilar ;  all  these  appearances  were  to  be  con- 
nected with  one  another,  and  with  the  consolidation 
ef  the  strata,  and  this  is  done  by  the  twofold  hypo- 
thesis, of  aqueous  deposition,  and  the  action  of  sub* 
terraneous  heat.  When  these  circumstances  are 
fairly  considered,  and  when  the  shifts  which  other 
systems  are  put  to  on  this  occasion  are  remember- 
ed, I  think  it  will  be  granted,  that  few  attempts  at 
generalization  have  been  more  successful,  than  that 
which  has  been  made  by  the  Huttonian  Theory. 
211.  To  the  fact  of  the  elevation  of  the  strata, 

VOL-  I.  Q 
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the  radius  of  the  globe.  It  is  tixie»  that  we  can 
hardly  suppose  so  great  a  body  of  strata  to  have 
been  raised  without  shifting,  so  that  we  miiat  c& 
minish  this  depth  considerably ;  but  were  it  redue> 
ed  even  to  one-half^  it  will  appear,  that  men  see 
much  farther  into  the  interior  of  the  globe  thai 
they  are  aware  of,  aiid  that  geologists  are  reproadn 
•d  without  reason  for  forming  theories  of  the  earth, 
when  all  that  they  can  do  is  but  to  make  a  bm 
scratches  on  its  sur&ce.  Art  indeed  can  do  fittk 
more;  but  nature  supplies  the  deficiency,  ani 
makes  discoveries  to  the  attentive  observer,  on  the 
same  great  scale  with  her  other  operatioiis. 

The  simplest  account  that  can  be  given  of  the 
vast  body  of  parallel  and  hi^y  inclined  strata  just 
mentioned,  is,  that  it  consists  of  the  ends  of  hori- 
zontal strata,  or  of  strata  not  greatly  inclined,  thdt 
have  be^n  forced  up  when  they  were  all  soft  and 
flexible!  This  is  a  much  more  conceivable  suppo- 
sition than  Pallas's,  viz.  that  the  greater  part  of 
this  mass  has  sunk  down  into  some  vast  caveni  in 
the  interior  of  the  earth. 


Note  xiii.  §  58. 
Metallic  Veins. 

212.  The  large  specimens  of  native  iron  found 
in  Siberia  and  Peru,  mentioned  above,  §  51,  are 
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noDg  the  most  curious  facts  in  the  natural  history 

of  metals*    It  has  been  doubted,  however,  by  some^ 

whether  they  really  belong  to  natural  history,  or 

are  not  rather  to  be  accounted  artificial  productions. 

If  they  had  been  found  in  the  heart  of  rocks,  or  in 

the  midst  of  metallic  veins,  no  doubt  of  this  sort 

could  possibly  have  been  entertained  ;  but,  as  they 

lie  quite  on  the  surface,  in  the  middle  of  Hat  coun* 

Iries,  and  at  a  distance  from  any  known  vein  of  me- 

kl,  the  conjecture  that  they  may  be  artificial,  and 

the  remains  of  the  iron  founderies  of  ancient  and 

unknown  nations,  is  at  first  sight  not  entirely  des- 

±itute  of  probability.     This  probability,  however, 

pill  appear  to  be  the  less,  the  more  carefully  the 

ipecimens  are  examined.    The  metal  is  too  perfect, 

Ethe  masses  too  targe,  to  have  been  melted  in 
fiimaces,  or  to  have  been  transported  by  the 
htnery,  of  a  rude  people.  The  specimen  in 
^uth  America  weighs  300  quintals,  or  about  15 
ki%  and  is  soft  and  malleabte.  "^  The  Siberian 
4ipeciiDeii,  described  by  Pallas,  is  also  very  large  ;  it 
M  soft  and  malleable,  and  full  of  round  cavities, 
BiDtaining  a  substance,  which,  on  examination,  has 
Men  found  to  be  chrysolite,  t  Now,  it  is  ceitain- 
mf  quite  impossible,  that,  in  an  artificial  fusion,  so 
much  chrysolite  could  have  come  by  any  means  to  be 


•  Phil.  Trans,  1788,  p.  371;  al»op-  183,  &c. 

t  I(ir«fan*»  Mineralogy,  Vol,  11*  art*  Native  Iron. 


JiiTOlved  in  the  iron  ;  but,  if  the  fiision  was  natural, 
and  happened  in  a  mineral  vein,  the  iron  and  the 
chiysolite  were  both  in  their  native  place,  and  their 
meeting  together  has  nothing  in  it  that  is  inexpli- 
cable, 

213.  Some  circuni  stances  in  the  description  of 
the  specimen  in  South  America,  such  as  the  im- 
pressions of  the  feet  of  men  and  of  birds  on  its  sor- 
fiw^Ct  are  not  to  be  accounted  for  on  any  h3rpotheni^ 
and  certainly  require  more  careful  investigation. 
It  is  said,  that  this  iron  is  very  little  subject  to  mrt, 
and  the  analysis  of  a  piece  of  it  by  Proust  makes  it 
probable,  that  it  owes  this  quality  to  its  union  mih 
nickel.  *  It  appears,  also,  that  the  country  of 
Chaco,  where  this  specimen  was  found,  affords 
many  others  of  the  same  kind,  one  of  which  is  men- 
tioned in  the  description  above  referred  to*  That 
country  lies  on  the  east  side  of  the  Plata,  and  iia 
plain  extremely  level,  and  of  vast  extent,  witbmit 
any  appearance  of  mineral  veins ;  but  such  veins 
may  nevertheless  exist  undiscovered,  in  a  tract  sub- 
ject to  periodical  inundations,  and  where  the  native 
rock  is  covered  with  alluvial  earth  and  gravel  to  s 
great  depth,  llie  veina  may  be  washed  away,  and 
the  more  durable  substances,  such  as  those  pieoer 
of  native  iron,  may  be  left  behind  ;  and,  thoogli 
they  must  be  of  a  formation  extremely  ancient,  ac^ 

•  Aonales  de  Chimie,  Tom.  XXXV.  Mestidor,  p.  47. 
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cording  to  this  liypothesis,  they  may  not  have  been 
%ery  long  on  the  surface, 

<14.  Specimens  of  native  iron  liave  been  found, 
Ie?8  remarkable  than  the  preceding  for  their  size, 
but  in  circumstances  that  excluded  all  idea  of  arti- 
ficial fusion.  Of  this  sort  wa^  Margraaf  *s  specimen 
of  native  iron,  the  first  of  the  kind  that  was  known  j 
it  consisted  of  small  bits  of  soft  and  malleable  iron, 
found  in  the  heart  of  a  brown  iron  stone.  ♦  This 
makes  it  certain,  that  native  iron  is  a  natural  pro- 
iltietton,  and  the  mere  circumstance  of  great  mag* 
nitude,  in  the  specimens  before  mentioncdj  does  not 
entitle  us  to  doubt  of  their  having  that  same  origin. 
It  is  d  circumstance,  besides,  not  in  the  least  mate- 
rial to  this  argument ;  the  smallest  piece  of  native 
iron  being  as  mucli  a  proof  of  fusion  as  the  great- 
est ;  and  the  specimen  of  Margraaf  being  just  as 
conclusive  in  favour  of  the  Huttonian  Theory,  as 
those  of  Pallas  or  De  Celis,  supposing  their  reality 
m  inineral  prothictions  to  be  completely  established* 
A  metal  malleable  and  ductile,  in  ever  so  small  a 
quantity,  cannot  he  the  result  of  precipitation  from 
a  menstruum,  without  a  very  particular  combina- 
tion of  circumstances.  Such  a  metal,  on  the  other 
hami,  can  be  readily  produced  by  igneous  fusion ; 
80  that  here  the  negative  and  aflirmative  parts  of 
the  inductive  argument  may  both  be  regarded  as 
complete, 

•  Kir  wan  V  MintTalogy,  Vol  II.  p.  156. 
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!215,  Mr  Kirwan,  in  order  to  account  for  the 
magnitude  of  the  two  large  apecimens  mentioned 
above,  supposes,  that  small  pieces  of  native  iron 
(about  the  formation  of  which  be  appears  to  have 
no  difficulty)  have  been  originally  agglutinated  by 
petroleum,  and  left  bare,  when  the  surrounding 
stony  or  earthy  masses  either  withered  or  were 
washed  off.  *  This  is  no  doubt  the  most  singular 
of  all  the  opinions  which  have  been  advanced  on  the 
subject ;  and,  as  it  borrows  nothing  from  analogy, 
it  admits  of  no  proof,  and  requires  no  refutation. 
None  but  a  chemist  of  eminence  could  have  ven- 
tured  with  impunity  on  an  assertion  so  inconsistent 
with  all  the  phenomena  and  principles  of  his  science. 

216,  A  remark  of  the  same  author,  on  the  sub- 
ject of  the  native  gold  found  in  the  county  of 
Wicklow  in  Ireland,  is  entitled  to  mor^  attentioa, 
•'  That  these  lumps  of  native  gold,**  he  says,  "  were 
never  in  fusion,  is  evident  from  their  low  specific 
gravity,  and  the  grains  of  sand  found  in  the  midst 
of  them.  I  found  the  specific  gravity  of  a  lump  of 
the  size  of  a  nutmeg  to  be  only  liiSOO,  whereas, 
after  fusion,  it  became  18700/' t 

This  argument  is  plausible ;  but,  I  think,  ne- 
vertheless inconclusive.  The  sand  found  in  the 
gold,  accounts,  at  least  in  pert,  for  its  lightness. 
It  is  only  by  repeated  fusions  that  any  of  the  me- 

•  Geol.  Essays,  p,  405.  f  Ibid*  (i,  402. 


Ulfl  is  brought  to  its  utmost  purity  and  highest 
specific  gravity  i  and  on  no  supposition  can  the 
melting  of  gold  in  the  mineral  regions,  be  very 
likely  to  separate  it  from  heterogeneous  substances. 
That  qtiartzy  sand  should  be  found  in  it,  after 
such  a  process,  is  naturally  to  be  expected.  The 
impressions  wliich  the  quartz  crystals  have  left  on 
the  Wicklow  gold,  would  be  received  as  a  fiiU 
proof  of  the  fusion  of  that  metal,  if  geologists  al- 
ways regulated  their  theories  by  the  principles  which 
determine  the  belief  of  ordinary  men. 

217.  Don  Rubin  de  Celis,  in  the  paper  refer- 
red to  above,  mentions  some  masses  of  silver  fomid 
it  Quantajaia,  and  also  some  dust  of  platina,  In 
terms  that  excite  a  strong  desire  to  have  more  in- 
formation concerning  them.  They  are  consider- 
ed by  him  as  effects  of  volcanic  fire  j  so  we  may 
conclude,  that  they  contain  evident  marks  of  fusion, 
and  would  in  this  system  be  ascribed  to  that  heat, 
from  which  volcanic  tire  is  but  a  partial  and  acci- 
dental derivation. 

21 8,  The  state  also  in  which  gold  and  silver  are 
often  found  pervading  masses  of  quartz,  and  shoot- 
ing across  them  in  every  direction,  furnishes  a 
strong  argument  for  the  igneous  origin,  both  of 
the  metal  and  the  stone.  From  such  specimens,  it 
is  evident,  that  the  quartz  and  the  metil  crystal- 
lized, or  passed  from  a  fluid  to  a  solid  state,  at  the 
same  time  ;  and  it  is  hardly  less  clear,  that  thi^ 
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fluidity  (lid  not  proceed  from  solution  m  aby  men* 
struuiB  :  For  the  menrtruum,  whether  water  or  the 
chaotic  fluidi  to  enisle  it  to  dissolve  the  qoirti, 
must  have  had  an  alkaline  impregnation ;  aod^  to 
enable  it  to  dissolve  the  metal^  it  must  haive  kld^ 
at  the .  same  time^  an  acid  impr^nation<  But 
these  two  opposite  qualities  could  not  reside  in  the 
same  subject ;  the  add  and  alkali  would  unite  to* 
gether,  and,  if  equally  powerful^  form  a  neotnd 
aalty  (like  seanBalt,)  incapable  of  acting  either  on 
the  metallic  or  the  wliceous  body.  If  the  acid 
was  most  powerful,  the  compound  salt  might  act 
on  the  metal,  but  not  at  all  upon  the  quartr  f  and  iT 
the  alkali  was  most  powerful,  the  compound  m^hfe 
act  on  the  quartz,  but  not  at  all  on  the  metal*.  In 
no  case,  th^:efore,  could  it  act  on  both  at  tke  ame 
time.  Fire  or  heat^  if  sufficiently  intense^  it  not 
subject  to  this  difficulty,  as  it  could  exeneiae  its 
force  with  equal  effi^et  on  both  bodies. 

@19,  The  simultaneous  consolidation  of  tfas 
quartz  and  the  metal  is  indeed  so  highly  impubi- 
ble,  that  the  Neptunists  rather  suppose,  that  the 
ramifications  in  such  i^cimens  as  are  here  alluded 
to,  have  been  produced  by  the  metal  diffining  it* 
a^f  through  rifts  already  formed  in  the  stime.  * 
But  it  may  be  answered,  that  between  the  duok 
nels  in  which  the  metal  pervades  the  qusrtit  and 

the  ordinary  cracks  or  fissures  in  stones^  there  is  no 

*  ■       I  ■        ■   ■     ■  .    ■   ■,.  ,  „       II    I        ■  ■ 

*  GeoL  Essays,  p.  401. 
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iblance  whatever:  That  a  system  of  hollow 
tubes,  winding  through  a  stonei  (as  the  tubes  in 
question,  must  have  been,  according  to  this  hypo- 
thesis, before  they  were  filled  by  the  metal,)  is  it- 
self far  more  inconceivable  tlian  the  thing  which  it 
is  intended  to  explain  ;  and  lastly,  that  if  the  stone 
was  perforated  by  such  tubes,  it  would  still  be  in- 
finite to  one  that  they  did  not  all  exactly  joiDt  or 
inosculate  with  one  another, 

2^0*  The  com  penetration,  as  it  may  be  called, 
of  two  heterogeneous  substances,  has  here  furnish- 
ed a  proof  of  their  having  been  melted  by  fire. 
The  inclusion  of  one  heterogeneous  substance  with' 
in  another,  as  happens  among  the  spars  and  druses^ 
found  80  commonly  in  mineral  veins,  often  leads  to 
a  similar  conclusion.  Thus,  from  a  specimen  of 
chalcedony,  inchiding  in  it  a  piece  of  calcareous  spar, 
Dr  Hutton  has  derived  a  veiy  ingenious  and  satis- 
factory proof,  that  these  two  substances  were  per^ 
fectly  soft  at  the  same  time,  and  mutually  affected 
each  other  at  the  moment  of  their  concretion*  • 

Each  of  these  substances  has  its  peculiar  form, 
which,  when  left  to  itself,  it  naturally  assumes  ;  the 
spar  taking  the  form  of  rhombic  crystals,  and  the 
chalcedony  affecting  a  mammalated  structure,  or  a 
superficies  composed  of  spherical  segments,  con- 
tiguous to  one  another.  Now,  in  the  specimen 
under  consideration,  the  spar  is  included  in  the 

•    Theory  of  the  Earth,  Vol  I.  p,  gs. 
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chalcedony,  and  the  peculiar  figure  of  each  is  impres- 
sed on  the  other  ^  the  angles  and  planes  of  the  spar 
are  indented  into  the  chalcedooy»  and  the  spherical 
segments  of  the  chalcedony  are  imprinted  on  the 
phuies  of  the  spar.     These  appearances  are  consist* 
ent  with  no  notion  of  consolidation  that  does  not 
liivolve  in  it  the  sixnultaneous  concretion  of  the 
whole  mass  j  and  such  concretion  cannot  arise  from 
precipitation  from  a  solvent,  but  only  from  the  coi>- 
gelation    of  a  racked  body*     This  aigument,   it 
must  be  remarked,  is  not  grounded  on  a  solitary 
specimen,  (though  if  it  were  it  might  still  be  per- 
fectly conclusive,)  but  on  a  phenomenon  of  which 
there  are  innumerable  instancest 

«21,  According  to  this  theory,  veins  were  filled 
by  the  injection  of  fluid  matter  from  below ;  and 
this  account  of  them,  which  agrees  so  weU  with 
the  phenomena  already  described,  is  confirmed  by 
this,  that  nothing  of  the  substances  which  fill  the 
veins  is  to  be  found  any  where  at  the  surface*     It 
is  not  with  the  veins  as  with  the  strata,  where,  iij 
the  loose  sand  on  the  shore,  and  in  the  shells  and 
corals  accumulated  at  the  bottom  of  the  sea,  we 
perceive  the  same  materials  of  which  these  strata 
are  composed.     The  same  does  not  equally  hold 
of  metallic  veins  :  **  Look/*  says  Dr  Hutton,  **  into 
the  sources  pf  our  mineral  treasures  ?     Ask  the 
luiner  from  whence  has  come  the  metal   in  his 
feins?     Not   from   the  earth  or   air  above,   nqr 
from  the  strata  which  the  vein  traverses :  these  do 
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contain  an  atom  of  tlie  minerals  now  consider- 
There  is  but  one  place  from  whence  these 
^rals  may  have  come ;  this  is  the  bowels  of  the 
h  I  the  place  of  power  and  expansion ;  the 
5e  from  whence  has  proceeded  that  intense  heat, 
which  loose  materials  have  been  consolidated 
)  rocks,  as  well  as  that  enormous  force,  by  which 

regular  strata  have  been  broken  and  displa* 
If  0 

!22.  The  above  is  a  very  just  and  natural  re- 
tion  J  but  if,  instead  of  interrogating  the  miner, 
consult  the  Neptunist,  we  will  receive  a  very 
srent  reply.  As  this  philosopher  never  embar* 
es  himself  about  preserving  a  uniformity  in  the 
rse  of  nature,  he  will  tell  us,  that  though  it 
r  be  true,  that  neither  the  air,  the  upper  part 
;lie  earth's  surface,  nor  even  the  sea,  contain  at 
jent  any  thing  like  the  materials  of  the  veins, 
the  time  was  when  these  materials  were  all 
gled  togetlier  in  the  chaotic  mass,  and  consti* 
jd  one  vast  fluid,  encompassing  the  earth  ;  from 
ch  fluid  it  was,  that  the  minerals  were  precipi* 
id  and  deposited  in  the  clefls  and  Assures  of  the 

J23,  It  is  allegedj  in  proof  of  this  hypothesis, 
t  mineral  veins  are  found  to  be  less  rich  as  they 
farther  down,  whereas  they  ought  to  be  richer, 
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if  they  were  (illcd  by  the  projection  of  melted  mat- 
ter from  below.     But  the  fact,  that  mines  are  less 
rich  as  they  descend  farther,  tlioogh  it  may  hold 
in  some  instances,  is  not  general,  and  may  there* 
fore  be  supposed  to  arise  from  local  causes,  such  as 
are,  in  respect  of  us,  accidental,  aud  beyond  the 
limits  to  which  our  theories  can  be  expected  to 
reach.     Thus  the  mines  of  Mexico  and  Peru  are 
said  to   be   subject  to    the   preceding  rule ;    but 
in  the  mines  of  Derbyshire    and    Corn  wall,    the 
very  contrary   is  understood  to  take  place.     Be- 
sides, what  we  are  pleased  to  call  the  riches  oP 
a  mine,  are  riches  relatively  to  us,  and  relative* 
ly  to  a  distinction  which  nature  does  not  recog» 
nrse-     The  spars  and  veiustoues  which  are  thrown 
out  in  the  rubbish  of  our  mines,  may  be  as  pre- 
cious in  the  eyes  of  nature,  as  conducive  to  the 
great  objects  of  her  economy,  and  are  certainly  as 
characteristic  of  mineral  veins,  as  the  ores  of  silver 
or  gold,  to  which  we  attach  so  great  a  value.     Uu- 
less  the  former  are  in  smaller  quantity,  or  less 
highly  crystalHzed  at  great  than  at  small  depths, 
which  I  believe  is  not  alleged,  no  conclusion  can 
be  drawn  from  substances^  which  occupy  in  gene* 
ral  but  a  small  proportion  of  any  vein,  and,  in  their 
dissemination  through  it,  do  not  seem  to  be  al- 
ways guided  by  the  same  law* 

224.  Again,  if  the  veins  were  filled  by  deposi* 
tion  from  above,  we  ought  to  discover  in  them  such 
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liorixontal  stratification  as  is  tlie  effect  of  deposit 
ion  from  water*  and  we  should  perceive  no  marks 
If  the  materials  having  been  introduced  with  vio- 
bnee  into  their  place-  The  Neptunists  cannot 
|rt)ject  to  the  trial  of  their  theory  by  these  two 
bets. 

A$  to  the  first,  it  is  acknowledged,  that  there 
p  a  certain  regular  disposition  of  the  substances  in 
mineral  veins,  as  stated  §  59*  but  it  is  one  which 
has  hardly  any  thing  in  coninion  with  the  real 
phenomena  of  stratification.  It  consists  in  the 
distribution  of  the  principal  substances  in  coats 
|arallel  to  the  sides  of  the  vein,  each  substance 
brming  a  separate  coat.  In  a  vein,  for  instance, 
oontaining  quaiU,  fiuor,  calcai^eous  spar,  lead,  &c« 
ire  might  expect  to  find  a  lining  of  quartz  crystals, 
ipplied  immediately  to  the  walls  of  the  mine,  and 
fallowing  exactly  the  irregularities  of  their  surface ; 
liextt  perhaps,  a  coat  of  iluor,  then  of  calcareous 
•par,  and  last  of  lead  ore  in  the  centre  of  the  vem4 
lihe  same  order  being  observed  on  the  opiK>site 
lide.  These  successive  coats,  it  is  material  to  re- 
mark,  are  not  in  planes,  but  in  uneven  surfaces,  of 
Wliich  the  inequalities  are  evidently  determined  by 
those  of  the  walls,  that  is,  of  the  rock  which  forms 
the  sides  of  tlie  vein  ;  neither  are  they  horizontal, 
but  are  parallel  to  the  walls,  whether  thcfie  be  per- 
pendicular or  inclined.  Here,  therefore,  there  is 
ha  appearance  of  the  action  of  that  statical  law 
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which  has  directed  the  arrangement  of  the  other 
strata,  and  which  tends  to  make  the  plane  of  every 
stratum  deposited  by  water  perpendicular  to  the  di* 
rection  of  gravity.     The  coating  of  the  veins  has 
therefore  been  performed  under  the  conduct  of 
some  other  power  than  that  which  presides  over 
aqueous  deposition*     If,  as  the  Neptunists  mam- 
tain,  the  materials  in  the  veins  were  deposited  by 
water,  in  the  most  perfect  tranquillity,  it  is  wonder- 
ful  that  w^e  do  not  find  those  materials  disposed  in 
horizontal  layers,  across  the  vein,  instead  of  being 
parallel  to  its  sides  ;   and  it  seems  very  unaccount* 
able,  that  the  common  strata,  deposited  as  w^  are 
told  while  the  water  was  in  a  state  of  great  agita- 
tion, have  so  rigorously  obeyed  the  laws  of  hydro- 
statics, (§  38f)  and  acquired  a  parallelism  in  the 
planes  of  their  stratification,  which  approaches  sa 
often  to  geometrical  precision  ;  while  the  materialt 
of  the  veins,  in  circumstances  so  much  more  favour- 
able for  doing  the  same,  have  done  nearly  the  re- 
verse, and  taken  a  position,  often  at  right  angles  to 
that  which  hydrostatical  principles  require.     Thi« 
is  a  paradox   which   the   Neptunian   system  has 
created,  and  which  therefore  it  is  not  very  likely 
to  resolve, 

225.  Mere  words  should  have  little  power  to 
mislead,  in  a  science  which  treats  of  sensible  ob- 
jects, such  as  are  always  easily  subjected  to  the  ex- 
amination of  sight  or  of  touch  ;  yet  there  is  some 

10 


ice  as  if  the  Neptmiists  were  misled  in  this, 
ther  instances,  by  the  terrn  stratification m 
h  an  incimtation  on  the  perpendicular  face 
■II  has  veiy  little  affinity  to  a  stratum,  such 
me  accustomed  to  see  deposited  by  water, 
Fsame  name  being  once  imposed  on  both, 
^gists  have  proceeded  to  reason  concerning 
ps  if  they  were  precisely  the  same  thing, 
ere  both  to  be  ascribed  to  the  same  cause* 

11  0very  perpendicular  or  highly  inclined  bed 
^  is  inexplicable  as  an  effect  of  aqueous  de- 
0,  in  a  system,  unprovided,  as  the  Neptunian 
Nth  the  means  of  raising  up  such  beds  from  a 
pil  into  a  vertical  position.  This  observa- 
v  also  be  extended  to  all  cases  of  vertical 
lation.  Water  cannot  directly  arrange  its 
;&  in  planes  higldy  inclined,  and  therefore  I 
en  wondered  to  see  the  Neptunists  con- 
eagerly  for  the  stratification  of  certain 
ch  as  granite,  which,  being  vertical,  or 
iclined,  was  much  less  friendly  to  their 
Ihan  the  entire  absence  of  all  stratification 
have  been.  I  was  disposed  to  admire  their 
1^  when  the  use  which  they  made  of  the 
pviqced  me,  that  I  ought  only  to  wonder  at 
nconsequential  reasoning.  The  Huttonian 
^  is,  indeed,  the  only  one  which  possesses 

•  Sec  preceding  note. 
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the  means  of  reconciling  the  elevation  of  the  stntt 
with  their  horizontal  deposition,  and  which  is  en- 
titled to  consider  stratification,  in  whatever  plane  it 
may  be,  as  originally  the  work  of  the  ocean.  The 
geolc^ists  who  attach  themselves  exdusivdy  to  the 
action  of  water,  will  never  be  able  to  extend  tk 
dominion  of  that  element  so  far  as  Dr  Hutton  has 
done,  by  combining  it  with  fire. 

8^.  But,  though  the  Neptunian  system  were 
provided  with  engines,  powerful  enough  to  vuR 
up  strata  from  a  level  to  a  vertical  plane,  thia  would 
avail  nothing  in  the  present  instance ;  sino^  on  no 
supposition^  can  the  incrustations  on  the  perpendi- 
cular sides  of  a  vein  have  ever  been  horiaontaL 
On  no  supposition,  therefore,  can  these  incrusta- 
tions be  received  as  a  proof  of  aqueous  depoaitioD : 
It  may  indeed  be  certainly  inferred  from  them,  thit 
the  matter  which  they  consist  of  was  fluid  at  the 
time  of  their  formation ;  but  the  absence  of  all  ap- 
pearance of  a  horizontal  disposition,  in  any  part  of 
the  vein,  amounts  nearly  to  a  demonstration,  that 
this  fluidity  did  not  proceed  from  solution  in  a 
menstruum.  We  must  therefore  conceive  the  coats 
to  have  been  formed  during  the  refrigeration  of  the 
melted  matter  injected  from  the  mineral  regimis 
into  the  clefb  and  fissures  of  the  strata.  (§  69.) 

9Srf.  Mineral  veins,  particularly  at  their  inter- 
sections with  one  another,  contain  abundant  marb 
of  the  most  violent  and  i-epeatcd  disturbance,  (§  56.) 


HOTTONIAN  THEORY.  259 

bt  to  mention  that  they  owe  their  first  formation 
the  fracture  and  displacing  of  rocks  already  con- 
tidatedt  it  appears,  that  they  have  origioated  at 
iry  different  periods,  and  that  the  birth  of  each 
|i  been  accompanied  with  convulsions,  which 
bok  the  foundations  of  the  earth.  In  Cornwalli 
t  instance,  the  principal  veins,  and  those  which 
cy  distinguish  particularly  by  the  name  of  iorfej, 

Ee  nearly  the  same  direction  with  the  strata  or 
;ical  schistus,  extending  from  about  E.  N.  E.  to 
S.  W.     These,  however,  are  often  intei*sected 
krly  at  right  angles  by  other  mineral  veins,  called 
WS  Courses^  and  this  hardly  ever  happens  mth- 
I  the  latter  moving,  or,  as  it  is  called,  heaving 
I  former  out  of  their  direction.    This  plainly  in* 
mteSf  that  the  cross  courses  are  of  later  origin 
in  the  others,  and  that  their  formation  was  ac- 
pipanied  with  such  a  force,  a^  must,  in  many  in- 
pces,  have  moved  the  whole  body  of  rock  which 
tstitntes  the  promontory  of  Cornwall,  and  pro* 
|ly  much  more,  for  several  yards,  in  a  horizontal 
bction.     Sometimes,  also,  both  the  longitudinal 
I  the  cross  vein  are  forced  out  of  their  place  by 
ihird.     Tliese  disturbances  arise  not  only  from 
heral  veins,  but  from  veins  of  porpliyry  and  gra- 
k  the  production  of  which  has  been  attended 
b  no  less  violence  than  of  the  others. 
W8.  What  is  here  said  of  Cornwall,  k  the  his- 
y,  in  some  degree,  of  all  mineral  countries  what- 


ever.     The  great  horizontal  translation  which  has 
thus  accompanied  the  formation  of  veins  j  the  move- 
ment impressed  on  such  vast  bodies  of  rock,  and 
the  frequent  renewal  of  these  immense  convulsions  $ 
are  not  to  be  explained  by  the  mild  and  tranquil 
dominion  of  the  watery  element.     They  require 
the  utmost  power  that  is  known  any  where  to  exist, 
and  were  it  not  for  the  admonitions  of  the  volcano 
and  the  earthquake,  we  might  doubt  if  even  sub- 
terraneous heat  itself  possessed  an  ener^  adeqimk 
to  these  astonishing  effects. 

229.  From  the  heaving  of  one  vein  by  another, 
it  is  evident,  that  there  was  a  force  of  protrusion  in 
the  direction  of  one  of  them,  that  acted  at  the  time 
of  its  foiTuation,  This  force  cannot  be  accounted 
for  on  the  supposition  that  veins  were  produced  by 
the  mere  shrinking  of  the  strata  j  for  the  rocks 
could  not,  in  that  case,  have  been  rent  asunder, 
and  impelled  forward  at  the  same  time.  It  ap- 
pears most  likely,  that  fissures  in  the  strata  wer« 
made,  at  least  in  many  instances,  and  the  matter 
poured  into  them,  nearly  at  the  same  time,  both 
being  effects  of  the  same  cause,  the  expansive  force 
of  subterraneous  heat. 

230.  It  is  remarked,  at  §  56,  that  the  Mt 
of  the  strata  is  best  observed  where  the  veins 
a  transverse  section  of  beds  of  rock,  considerably 
inclined  to  the  horizon*     It  is  also  true,  that  in  j 
some  cases  the  near  approach  of  the  strata  to 


level,  may  make  tlie  shifts  produced  by  the  veins 
very  easy  to  be  discovered.  Thus  in  Derbyshire, 
I  where  the  mineral  veins  are  in  secondary  strata, 
[nearly  horizontal,  there  is  almost  no  instance  in 
ubich  the  corresponding  strata  ai'e  not  observed  to 
be  on  different  levels,  on  the  opposite  sides  of  the 
lame  vein. 

23  L  The  fact  described  by  Deluc,  and  referred 

lo  at  §  55^  may,  for  what  we  know  of  it,  admit  of 

being  explained  in  two  ways.     The  great  wedge  of 

rock  which  appears  to  be  insulated  between  two 

branches  of  the  same  vein,  may  either  be  a  mass 

that  has  been  broken  oflF,  and  sustained  by  the 

melted  matter  that  flowed  all  around  it ;  or,  it  may 

be  a  mass  of  rock  contained  between  two  veins  that 

are  in  reality  distinct,  and  of  different  formation. 

Whether  this  last  supposition  is  the  truth,  would 

probably  be  evident  from  a  careful  examination  of 

both  parts  of  the  vein  ;  as  some  difference  of  cha- 

iracter  cannot  fail  to  be  the  consequence  of  different 

Iformation.     If  no  such  difference  is  observed,  the 

two  branches  must  be  supposed  to  belong  to  the 

same  vein,  and  the  only  probable  explanation  of 

the  insulation  of  so  large  a  mass  of  rock  will  be  by 

|the  first  mentioned  supposition*     This  fact,  there- 

Ifore,  notwithstanding  the  great  attention  M.  De* 

Hue  has  bestowed  on  it,  still  requires  further  exami- 

"nation,  before  it  can  be  decided  whether  it  inclines 

,,to  the  Huttouian  Theory,  as  on  the  first  supposi* 
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tion,  or  is,  as  on  the  latter  hypothesis,  equally  ba- 
lanced between  it  and  the  Wernerian, 

SSS*  Whatever  be  the  case  with  this  fact,  the 
general  one  of  pieces  of  rock  being  found  insulated 
in  veinsy  is  certainly  favourable  to  the  notion  of  aD 
injected  and  ponderous  fluid  having  originally  sus- 
tained them.  ^ITiere,  as  happens  in  some  instaO' 
ces,  the  stones  contained  in  the  veins  have  no  affi- 
nity to  any  of  the  rocks  above,  they  cannot  be  sup- 
posed  to  have  come  any  how  but  from  below,  and 
to  have  been  carried  up  by  the  matter  of  the  vein. 
The  instance  from  the  slip  at  the  Huddersfield  Ca- 
nal has  been  already  mentioned. 

SS3*  The  preceding  observations  have  been 
principally  directed  against  that  theory  of  veins 
which  supposes  them  to  have  been  filled  by  deposi- 
tion from  water.  There  is  another  theory  main- 
tained by  some  of  the  Neptunists,  that  the  metals 
in  veins  were  introduced  there  by  infiltration*  * 
This  opinion  is  sufficiently  refuted  by  the  fact,  that 
rarely  any  metallic  ore  is  found  out  of  the  vein,  or 
in  the  rock  on  either  side  of  it,  and  least  of  all 
where  the  vein  is  richest.  This  is  inconsistent 
with  the  notion  of  the  ore  being  carried  into  the 
vein  by  water  percolating  through  the  adjacent 
rocks,  unless  some  satisfactory  reason  is  as^gnedi 
which  determined  the  water  to  leave  the  ore  in 
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rtin  find  no  where  else.  Besides^  this  hypo« 
is  does  not  account  for  the  formation  of  the 
i  and  veimtones  ivhich  fill  the  vein,  and  which 
»r  clearly  to  have  been  brought  there  at  the 
?  time  with  the  ore,  and  no  doubt  by  the  same 
e, 

34*  The  veins,  properly  so  called,  are  indefi- 
y  extended  ;  but  there  are  also  thin  plates  of 
»  and  of  crystals  of  difterent  kinds,  often  found 
ided  in  rocks,  and  shut  in  on  all  sidest  to  which 
name  of  veins  is  commonly  applied.  These 
ought  certainly  to  be  distinguished  from  the 
ler,  and  may  not  improperly  be  called  Plate 
19  or  Lenticular  Veins,  the  plate  or  cake  of 

of  which  they  consist  having  veiy  often  the 
i  of  a  lens,  though,  as  may  be  supposed,  consi- 
b!y  irregular*  Either  of  these  terms  being  de- 
1  entirely  from  external  characters,  has  the  ad* 
age  of  involving  nothing  theoretical, 
lie  lenticular  veins  are  certainly  not  formed 

the  usual  mineral  veins,  by  injection,  since 

are  shut  in,  on  all  sides,  by  the  solid  rock, 
^n  they  are  found,  therefore,  in  stratified  rocks, 

fls  have  not  themselves  been  melted,  we  must 
eive  them  to  be  composed  of  materials  more 
le  than  the  surrounding  rock,  so  that  they 
I  l)een  brought  into  fusion  by  a  degree  of  heat 
h  the  rest  of  the  rock  was  able  to  resist,  and, 
moling,  have  assumed  a  sparry  structure^  When 
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they  are  found  in  rocks,  of  which  the  whole  has 
been  fluid,  they  must  be  considered  as  componenti 
parts  of  that  mass,  which,  by  an  elective  attraction, 
have  united  with  one  another,  and  separated  them- 
selves  from  the  substances  to  which  they  had  less 
affinity. 

The  vehis  of  this  kind  seem  to  be  connected 
with  those  called  in  Derbyshire  Pipe  VeinSt  in 
which  the  ores  of  metals  are  sometimes  found*  The 
pipe  veinst  indeed,  are  not  in  all  cases  completely 
insulated,  but  sometimes  communicate  with  the 
veins  properly  called  mineral.  I  am  too  little  ac- 
quainted, however,  with  their  natural  history,  to  be 
able  to  say  with  certainty  to  which  of  the  two  spe- 
cies they  ought  to  be  referred. 


Note  xiv.  §  ^5, 
On  Whinsione,  ,  • 

235.  To  the  facts  and  reasonings  given  above,  I 
shall,  in  this  note,  add  a  few  remarks,  tending  to 
show,  that  whinstone  is  not  of  volcanic,  nor  of 
aqueous,  but  certainly  of  igneous  origin. 

It  is  asserted,  (§  02,)  that  carbonate  of  lime  antl 
zeolite  are  often  contained  in  whinstone,  but  never 
in  lava,  and  that  this  circumstance  may  sometimes 
seiire  to  distinguish  these  stones  from  one  another. 


With  tespect  to  carbonate  of  lime,  in  particokr,  it 
seems  evident,  that  this  substance  cannot  enter  in- 
to the  original  composition  of  any  lava,  because  the 
same  heat  which  melted  the  lava,  would,  where 
there  was  no  greater  pressure  than  the  weight  of 
the  atmosphere,  expel  the  carbonic  acid  and  pro- 
duce quicklime.  Notwithstanding  this,  rocks  con- 
taining carbonate  of  lime,  have  often  been  consider- 
ed ^as  lavas,  into  the  pores  and  cavities  of  which, 
calcareous  matter  having  been  carried  by  the  infil- 
tration of  water,  had  crystallized  into  spar.  Thus 
Spallanzani,  in  his  account  of  the  Euganean  Hills, 
in  Lombardy,  describes  some  of  the  rocks  as  abound- 
ing at  their  surface,  and  even  in  their  interior, 
with  air-bubbles  of  various  sizes,  from  such  as  are 
hardly  perceptible,  to  some  that  are  half  an  inch  in 
diameter  ;  and  which,  he  says,  are  all  of  an  oval  fi- 
gure, with  their  longest  diameters  in  the  same  di- 
rection.  This  he  considers  as  a  proof  that  the 
rock  is  a  genuine  lava ;  for  the  air-bubbles  prove 
the  stone  to  have  had  its  fluidity  from  fire  j  and 
by  their  elongation  in  the  same  direction  they 
prove,  that  the  mass  when  fluid  was  also  in  mo- 
tion. Spallanzani  adds,  that  many  of  these  cavi- 
ties are  filled  with  crystals  of  the  carbonate  of 
limey  an  effect  of  the  infiltration  of  water.  ^ 

•  Voyages  dans  les  deux  Siciles,  Tom*  UL  p*  157.  Edit. 
de  Faujaa  de  St  Fond. 


266  ILLUSTRATIONS  OF  THE 

236.  Though  the  argument  here  advanced  for  the 
igneous  origin  of  the  rock  may  be  admitted  as  con- 
clusive, the  introduction  of  calcareous  spar  into  it 
by  infiltration  must  still  be  questioned.  Lava,  ez^ 
cept  in  a  state  of  decay  or  decomposition,  is  not 
readily  penetrated  by  water ;  and,  if  it  were,  the 
filling  of  cavities  with  spar,  by  means  of  the  water 
percolating  through  them,  would  still  be  subject  to 
many  difficulties.  (§  13.)  Besides,  whinstone  rocb 
are  frequently  found  so  full  of  calcareous  spar,  or  oi 
zeolite,  that  they  would  become  porous  to  sudi  a 
d^ree,  if  the  cavities  filled  with  these  latter  sab- 
stances  were  all  empty,  that  they  could  hardly  sustain 
their  own  weight,  and  much  less  that  of  the  giest 
masses  of  rock  incumbent  on  them.  In  such  cases, 
it  is  certain,  that  the  crystallized  substances  were 
part  of  the  original  composition  of  the  rock.  He 
truth  is,  that  the  infiltration  of  the  water  is  a  mere 
gratuitous  assumption,  introduced  for  the  purpose 
of  explaining  the  existence  of  carbonated  lime  in 
a  stone  which  had  endured  the  action  of  intense 
heat :  and  this  assumption  ought  of  course  to  be 
rejected,  if  the  phenomenon  can  be  explained  by  a 
theory,  that  is  in  other  respects  conformable  to 
nature.  The  spar,  then,  may  be  considered  as  a 
proof,  that  the  rocks  in  question  are  to  be  number- 
ed with  those  unerupted  lavas  which  have  flowed 
deep  in  the  bowels  of  the  earth,  and  under  a  great 
compressing  force.    This  is  the  more  probable, 
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that  the  Euganean  Hills,  like  some  whinstone  hills 
in  our  own  country,  have,  in  certain  places,  a 
covering  of  slaty  and  calcareous  strata  incumbent  on 
them,  even  at  their  summits,  ♦  so  that  the  torrent 
of  melted  stone,  of  vtrhich  they  are  admitted  to 
consist,  cannot  have  flowed  from  the  mouth  of  a 
volcano,  I  do  not  mean  to  say,  that  there  are 
among  these  hills  no  vestiges  of  volcanic  explosion. 
1  am  very  far  from  having  data  sufficient  for  draw* 
ing  this  conclusion  ;  but  I  believe  it  may  be  safely 
affirmed,  that  the  bulk  of  them  is  no  more  com- 
posed of  volcanic  lava,  than  the  basaltes  of  Sta^ 
or  of  the  Giant's  Causeway. 

237.  But,  besides  the  evidence  deduced  from 
calcareous  spar  and  zeolite,  against  the  rocks  con- 
taining them  being  real  lava,  there  are  other  marks, 
even  less  equivocal  perhaps,  that  distinguish  the 
lavas  which  we  suppose  to  have  flowed  in  the  mi- 
neral regions,  from  those  which  have  actually  flow- 
ed on  the  surface.  These  are  what  we  collect  from 
the  disposition,  the  organisation,  or,  as  we  may  say, 
the  physical  geography  of  whinstone  countries,  un- 
like, in  so  many  respects,  to  that  of  volcanic  coun- 
tries* The  shape  of  whinstone  hills  j  their  large 
flat  terraces,  rising  one  above  another ;  their  per- 
pendicular faces,  and  the  correspondence  of  their 
heights  even  at  considerable  distances  ^  have  no- 

•  Phil*  Trans*  1775,  p,  34. 
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thing  similar  to  them  in  the  irregukr  toneiits  oi 
volcanic  lavas.  The  phenomena  of  the  former  are 
also  on  a  scale  of  magnitnde  very  far  exceeding  the 
latter,  and  clearly  indicate,  that  though  both  hare 
been  produced  by  fire,  it  has  been  by  fire  in  very 
different  circumstances,  and  regulated  by  very  dif- 
ferent Iaws«  The  structure  of  the  two  kinds  of 
rock  agrees,  in  many  respects,  and  so  does  their 
chemiod  analysis;  but  their  disposition  and  ar- 
rangement are  so  dissimilar,  that  they  cannot  be 
supposed  to  be  of  the  same  formation. 

238.  This  argument,  I  believe,  was  first  stated 
by  Mr  Strange,  in  a  letter  to  Sir  John  Fringle,  pub- 
lished in  the  65th  volume  of  the  Philosophical 
Transactions.  ^  That  intelligent  observer,  afi;er 
visiting  the  countries  in  Europe  most  remarkable 
either  for  burning,  or  for  what  are  accounted,  ex- 
tinguished volcanoes,  and  examining  them  with  a 
very  discriminating  eye,  remained  convinced,  that 
there  are  two  distinct  species  of  rock,  which  bodi 
owe  their  origin  to  fire  ;  but  to  fire  acting  in  cir- 
cumstances and  situations  extremely  different.  The 
first  is  the  common  volcanic  lava ;  the  other,  to 
which  he  gives  the  name  of  a  basaltine  rock,  com- 
prehends such  rocks  as  the  Giant's  Causeway,  the 

*  Account  of  Two  Giants'  Causeways  in  the  Venetitn 
State,  &c.  by  John  Strange,  Esq.  Phil.  Trans.  Vo].  LXV. 
(I775,)p.  5,  &c. 
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basaltes  of  the  Vivarais,  of  the  Eiigancan  Hills, 
&c-  and  diffei's  in  nothing  from  that  which  is  called 
here  by  the  name  of  whinstone*     Mr  Strange  con- 
ceived, that  the  one  of  these  kinds  of  stone  could, 
no  more  than  the  other,  be  accounted  the  work  of 
aqueous  deposition,  but  was  led  to  the  distinction 
just  mentioned,  by  observing  the  organization  and 
arrangement  in  the  rocks  of  the  latter  kind,  and 
comparing  them  with  the  disorder  and  ruin  that 
every  where  mark  the  footsteps  of  volcanic  fire. 
He  does  not  pretend  to  determine  the  nature  of 
the  fire  to  which  the  basaltine  rocks  owe  their  for- 
mation, nor  the  circumstances  in  which  it  has  act- 
ed :  he  is  satisfied  with  the  negative  conclusion, 
that  it  is  not  volcanic  ;  and  his  paper  affords  a  spe- 
cimen of  what  is  perhaps  mre  in  any  of  the  sciences, 
and  certainly  most  rare  of  all  in  geology,  viz.  a  phi- 
losophic induction  carried  just  as  far  as  the  facts 
will  beai'  it  out,  and  not  a  single  step  beyond  that 
point. 

2S9.  Several  other  hints  contained  in  this  pajier 
are  highly  deserving  of  notice  ;  for  we  not  only 
find  in  it  the  notion  of  a  formation  of  basaltic  rocks, 
igneous  though  not  volcanic,  but  also  that  of  their 
simultaneous  crystallization,  *  together  with  the 
suggestion,  that  granite  and  basalt  are  of  the  same 
origin,  t     These  opinions  had  not,  I  believe,  oc- 

•  Phil.  Trans,  uifi  supra f  p^  17. 
t  Ibid,  p.  36  and  37. 
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curred  at  that  time  to  any  mineralogist  except  Dr 
Hutton,  nor  had  they  been  communicated  by  him 
to  any  but  a  few  of  his  most  intimate  friends ;  lo 
that  Mr  Strange  has  without  doubt  all  the  merit  (tf 
a  first  discoverer.  Indeed,  without  the  knowledge 
of  the  principle  of  compression,  such  aa  it  is  hud 
down  by  Dr  Hutton,  it  was  hardly  possible  for 
him  to  proceed  further  than  he  has  done.  He  re- 
marked the  unhumt  limestone  that  lies  on  the  top 
of  some  of  the  Euganean  basaites,  and  seems  to 
have  been  aware  of  the  great  difficulty^  which  it 
was  reserved  for  the  Huttonian  Theory  to  ote^ 
come.  His  letter  contains  also  some  excellent  ge- 
neral remarks  on  the  rocks  of  the  Vivarais  and 
Velay,  which  he  had  visited,  before  Faujas  de  St 
Fond  had  published  his  curious  and  elaborate  de- 
scription of  these  countries. 

240.  The  cause  of  the  peculiar  structure  which 
has  just  been  observed  to  distinguish  whinston^ 
from  volcanic  countries,  is  easily  assigned  in  the 
Huttonian  Theory.  According  to  that  theory, 
the  whinstone  rocks  were  formed,  in  the  bowels  of 
the  earth,  of  melted  matter  poured  into  the  rents 
and  openings  of  the  strata.  They  were  cast, 
therefore,  in  those  openings,  as  in  a  mould;  and 
received  the  impression  and  character  of  the  rocb 
by  which  they  were  surrounded.  Hence  the  ta- 
bular masses  of  whinstone,  which  when  soft  have 
been  interposed  between  strata,  and  compressed  by 
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their  weight,  so  as  almost  to  have  themselves  ac- 
quired the  appearance  of  stratification.  Hence 
the  perpendicular  faces  of  the  same  rocks,  produ- 
ced by  their  being  abutted  when  yet  soft,  against 
the  abrupt  sides  of  the  strata.  The  rocks  which 
formed  those  moulds  have,  in  many  cases^  entirely 
disappeared  ;  in  others,  a  part  stUl  remains,  sur- 
rounding, or  even  covering,  the  basaltes,  as  in  the 
Eugauean  Hills,  in  those  of  the  Val  di  Noto  in 
Sicilyt  the  rocks  near  Lisbon,  *  and  in  different 
parts  of  Great  Britain. 

Above  all,  the  veins  of  whinstone  which  inter- 
sect the  strata,  are  the  completest  proofs  of  the 
theory  here  given  of  these  rocks,  and  the  most  in- 
consistent, in  all  respects,  with  the  hypothesis  of 
their  volcanic  origin. 

241.  If  these  criteria  are  applied  to  what  are 

<!alled   extinguished  volcanoes,   I  have  no  doubt 

t^hat  many  which  have  been  reckoned  of  that  num« 

l)er,  will  be  found  to  derive  their  origin  more  di- 

K<%ectly  from  the  fire  of  the  mineral  regions*     The 

■kiasaltic  rocks  of  the  Vivarais,  I  am  well  persuaded, 

I  ^)eloog  to  this  class ;  and  I  conclude  that  they  do 

■  ^M>9  not  only  from  the  account  of  them  given  by 

31r  Strange,  but  from  the  description  of  Faujas 

himself,  who,  though  under  the  influence  of  the 


I 
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opposite  theory,  seems  very  fair  and  accurate  in  his 
description  of  phenomena.  The  most  unequivocal 
mark  of  real  whinstone  rock,  and  of  a  fontiation  V 
in  the  strictest  sense  mineral,  is  where  veins  of 
that  kind  of  rock  intersect  the  strata.  Now,  in  a 
letter  to  BuiFon,  on  the  streams  of  lava  found  in 
the  interior  of  certain  calcareous  rocks  in  the  low- 
er Vivarais,  Faujas  describes  what  can  be  account- 
ed nothing  else  but  a  vein  or  dike  of  wliinstone, 
accompanied  with  several  of  its  most  remarkable 
and  characteristic  appearances  :  '*  Figurez-vous  un 
courant  de  lave,  de  la  nature  du  basalte  noir,  dur 
et  conipacte,  qui  a  perce  ^  travers  les  masses  cal- 
caires,  et  s*est  fait  jour  dans  quelques  parties,  pa- 
roissant  et  disparoissant  altemativement :  Cette 
coulee  de  matiere  volcanique  s'enfonce  sous  une 
partie  de  la  ville,  batie  sur  le  rocher  j  elle  reparoit 
dans  la  cave  d*un  marechal,  se  cache  et  se  montre 
encore  de  temps  en  temps  en  descendant  dans  le 
vallon,  &c.  Ce  qu*il  y  a  d'admirable,  e*c8t  que  la 
lave  forme  deux  branches  bien  extraordinaires, 
dont  l*une  s'eleve  sur  la  crete  du  rocher,  tandts 
que  I'autre  coupe  horizontalemcnt  de  grands  bancs 
calcaires  escarpt^s,  qui  sont  k  decouvert,  et  bordent 
le  chemin, 

**  Quels  efforts  n*-a-t-]l  pas  fallu  pour  forcer 
cettc  lave  se  prendre  une  telle  diiection,  et  se 
percer  cette  suite  de  rocliers  calcaires  ?  Si  cette 
Jongue  coulee  dc  lave  avoit  eu  200  ou  300  toises  de 
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ur,  je  ne  serois  pas  surpris  qii'iin  torrent  de 
mjE^viere  en  fusion  de  ce  voluoie  eut  pu  prodiiire 
^dB  effels  extraordinaires  et  violens  ;  maisfigurez- 
vouSf  Monsieur^  que  dans  les  endroits  les  phts 
larges^  die  n*a  tout-au-plus  qu^ environ  12  or^  15 
fieds  ;  elk  n^ev  a  que  3  ou  4  dans  ceriaines  par* 
ties.'*'' 

This  narrow  stream  is  to  be  traced  across  the 
strata  for  more  than  a  league  and  a  half;  and  the 
whole  appeared  to  Faujas  so  marvellous,  that  he 
says  he  almost  douhted  the  testimony  of  Ws  senses. 
He  would  have  done  much  better,  however,  to 
have  doubted  the  conclusions  of  his  theory  ;  for  it 
was  by  them  that  the  phenomena  before  him  were 
rendered  so  mysterious  and  incredible.  While  he 
continued  to  regard  what  is  described  above  as  a 
stream  of  melted  lava,  which  Imd  descended  from  the 
top  of  one  mountain,  and  climbed  up  the  sides  of  the 
oppoflite,  like  water  in  a  conduit  pipe,  piercing  oc- 
easionally  through  vast  bodies  of  solid  rock,  it  is 
no  wonder  that  he  considered  as  marvellous  what 
is  indeed  physically  impossible.  Had  his  belief  in 
the  volcanic  theory  permitted  him  to  see  in  all  this, 
not  a  superficial  current,  but  one  of  indefinite 
depth,  he  would  have  beheld  the  object  divested, 
not  of  what  was  curious  and  interesting,  but  of 
what  was  incredible  or  absurd,  and  reduced  to  the 

^  Volcana  EfceiaU  du  Yivarais,  p«  328,  ^c* 
VOL.  I.  S 
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same  class  of  tilings  with  mineral  veins.  That  it 
belongs  really  to  this  class,  and  is  no  more  than  a 
vein  or  dike  of  whinstone,  intersectmg  the  strata 
to  an  unknown  depth,  and  most  probably,  like 
other  veins,  coBimnnicating  with  the  mineral  re- 
gions, cannot  be  doubted  by  any  one  who  has  stu- 
died the  subject  of  basaltine  rocks,  through  any 
other  medium  than  the  volcanic  theory.  The  ra- 
mifications which  run  from  it  into  the  calcareous 
rock,  contrived,  Faujas  says,  just  as  if  on  purpose 
to  perplex  mineralogists,  is  one  of  the  well  known 
and  characteristic  appearances  of  basaltic  veins. 

242,  It  can  hardly  be  doubted,  that  the  lara  de- 
scribed by  the  same  author  as  heaving  up  a  mass  of 
granite,  *  and  including  pieces  of  it,  is  a  rock  of 
real  whinstone*  The  same  may  be  said  of  many 
others  j  and,  though  I  pretend  not  to  affirm  that 
there  is  nothing  volcanic  in  the  Vivai*ais,  I  must  say, 
that  nothing  decidedly  volcanic  appears  in  the  de- 
jscription  of  that  country,  but  many  things  that  are 
certainly  of  a  very  different  origin. 

In  the  present  state  of  geological  science,  a  skil* 
ful  mineralogist  could  hardly  employ  himself  bet- 
ter, than  in  traversing  those  ambiguous  couutrieSi 
where  so  much  has  been  ascribed  to  the  ancient  ope- 
ration of  volcanic  fire,  and  marking  out  what  be- 
longs either  cleaily  to  the  erupted  or  unerupted 
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and  what  parts  are  of  doubtful  formatiou, 
containing  no  mark  by  whicli  they  may  be  referred 
to  the  one  of  these  any  more  than  the  other*  Such 
3  work  would  contribute  very  materially  to  illus" 
trate  the  natural  history  of  the  earth, 

243.  One  of  the  most  ingenious  attempts  to  sup* 
port  the  volcanic  theory,  is  the  system  of  subjuarine 
volcanoes^  imagined  by  the  celebrated  mineralogist 
Dolomieu.  The  phenomenon  that  led  to  this  hy- 
potheslsy  was  what  he  had  observed  in  the  bills  near 
Lisbon,  and  still  more  remarkably  in  those  of  the 
Val  di  Noto  in  Sicily,  where  the  basalt iue  rocks  bad 
regular  strata  incumbent  on  them,  and  in  some 
cases  interposed  or  alternated  with  them.  *  It 
seemed  from  this  evident,  that  the  strata  were  of 
later  formation  than  the  stone  on  which  they  rest- 
ed; and  as  they  must,  on  every  supposition,  be 
held  to  be  deposited  by  water,  it  was  concluded, 
that  the  lava  which  they  covered  had  been  thrown 
out  by  volcanoes  at  the  bottom  of  the  sea  ;  that  the 
strata  had  afterwards  been  deposited  on  this  lava  j 
and  that,  in  some  cases,  there  had  been  frequent 
attemations  of  these  eruptions  and  depositions*  t 


•  M^'inoire  dc  Deodate  de  Dolomieu,  sur  lefi  Volcans 
lEtcmU  du  Val  di  NotOi  en  Sicile.  Journa]  de  Phys.  Tom. 
I XXV.  (1784^,  Septembre,)  p.  19\, 

f  Near  Vizini,  iq  the  VaJ  di  Noto,  Dolomieu  tells  us,  that 
he  couated  eleven  beds,  alternately  calcareous  and  volcanic, 
I  the  perpendicular  face  of  a  hill,  which  at  a  distance  appear* 
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fi'14.  Though  this  hypothesis  does  certainly  de«l 
liver  the  system  of  the  Volcanists  from  one  greai 
difficulty,  it  is  itself  liable  to  insurmouDtable  objecJ 
tions*     I  shall  just  mention  some  of  the  principaL  I 

1 .  The  regulai'  and  equidistant  strata  that  wft 
often  see  covering  the  tops  of  vvhinstone  or  ba&altio 
rocks,  could  not  have  been  deposited  iu  the  obliqued 
and  very  much  inclined  position  which  they  now 
occupy. 

This  is  remarkable  in  the  strata  which  cover  the 
basaltic  rock  of  Salisbury  Crag,  near  Edinburgli, 
at  its  northern  extremity.  The  strata  are  very  re- 
gular, and  must  have  been  deposited  in  a  plane 
nearly  horizontal ;  yet  the  surface  of  the  basaltea 
on  which  they  now  rest  is  very  much  inclined,  dip- 
ping rapidly  to  the  north-east.  The  necessity  of  a 
horizontal  deposition  in  strata,  which,  though  not 
now  horizontal,  have  their  planes  nearly  parallel  to 
one  another,  has  been  proved  at  §  38, 

S.  If  there  is  any  truth  in  the  principles  establish* 
ed  above,  even  the  strata  themselves  have  not  been 
consolidated  without  the  action  of  fire.  By  Dolo^ 
mieu's  system,  therefore,  the  consolidation  of  the 
strata  which  cover  the  basaltes  is  not  accounted  for. 


ed  like  a  ptoce  of  clolh,  striped  black  and  wbite ;  nhi  luprfu 
In  another  instance  he  saw  more  than  twenty  of  these  altera 
nations.  He  has  since  made  BimiJar  observatioDs  in  the  V 
centine  and  in  Tyrol,  Jotirnal  dc  Phys.  Tom.  XXXVIf 
(1790,)  Fartic  2,  p.  203.        ^  ^  '-^  '    ^     u^^^  -•-;      ' 
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3*  There  arc  no  means  furnished  by  the  hypothe- 
of  submarine  volcanoes  for  bringing  the  basal t» 
id  the  strata  which  cover  it,  above  the  level  of  the 
If  it  is  said  that  the  waters  of  the  sea  have 
en  drained  off,  the  objections  are  all  incurred  that 
ave  been  stated  at  §  37-  *     If  it  is  said,  that  the 
i?ks  themselves  have  been  elevated  by  a  force,  im- 
[^Umg  them  upwards,  we  say,  that  the  existence 
'  such  a  force,  when  admitted,  furnishes  another 
of  explaining  the  whole  phenomenon,  name* 
f,  that  of  the  injection  of  melted  matter  among 
strata,  the  same  that  is  used  in  the  Huttonian 
Theory* 
4.  The  phenomena  of  basaltic  veins  are  not  in 
■be  least  explained  by  the  hypothesis  of  submarine 
Bolcanoes.     That  hypothesis,  then,  even  if  the  fore- 
ftoiog  objections  were  removed,  does  not  serve  to 
Baiplain  all  the  facts  respecting  the  rocks  of  this 
genus,  and  wants,  of  consequence,  one  of  the  most 
important  characters  of  a  true  theory.     It  must  be 
lUofPcd^  however,  that  it  makes  a  considerable  ap- 
ptuflch  to  such  a  theory,  and  that  the  submarine 
volcaDoes  of  Uolomieo,  have  an  affinity  to  the  un- 
.  erupted  lavas  of  Dr  Huttoo* 
■    i4f5*  Though  in  these  remarks  I  have  endea- 
voured to  expose  the  errors  of  the  volcanic  system, 


•  Dolomicu  adopts  thia  supposition ;  he  diinka  that  the 
ce  of  the  sea  luust  have  been  formerly  500  or  600 
above  iU  present  level.     Ibid,  p*  196. 


278  ILLUSTRATIONS  OF  THE 

I  cannot  but  consider  that  system  as  coming  in- 
finitely nearer  to  the  troth  than  the  Neptunian* 
It  has  the  merit  of  distinguishing  an  order  of  rocks^ 
wliich  bears  no  mark  of  aqueous  formation,  and 
in  which  the  crj^stallized,  sparry,  or  lava- like  struc- 
ture, bespeaks  their  primeval  fluidity,  and  refers 
their  origin  to  fire.    The  Neptunian  system,  on  the 
other  hand,  strives  to  confound  the  most  marked 
distinction  in  the  mineral  kingdom,  and  to  explain 
the  formation,  both  of  the  stratified  and  unstratifi- 
ed  rocksj  by  the  operation  of  the  same  element, 
Thougli  chargeable  with  this  inconsistency,  it  has 
become  the  prevaiHng  system  of  geology;  and  tlie 
arguments  which  support  it  are  therefore  entitled 
to  attention. 

246.  It  will  no  doubt  be  thought  singular,  that 
the  same  mineralogist,  whom  we  have  just  seen 
exerting  his  ingenuity  in  defence  of  the  volcanic 
system,  should  now  appear  equally  strenuous  in  de- 
fence of  the  Neptunian.  Though  Dolomieu  con- 
tends for  the  volcanic  origin  of  some  basaltic  rocks, 
he  does  not  admit  that  all  basaltes  is  volcanic,  nor 
even  all  of  igneous  fonnation.  Thus  he  states,  that 
he  had  examined  at  Rome  some  of  the  most  an* 
cient  monuments  of  art,  executed  in  basaltes, 
brought  from  Upper  Egypt^  and  that  he  could  dis- 
cover no  mark  of  the  action  of  fire  in  any  of  them.* 


♦Journal  de  Physique,  Tome  XXXVIL  (l790,)  Parlieg,* 
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On  the  contrary,  he  found  that  some  of  them  con. 
sisted  of  green  basal tes,  which  changes  its  colour 
to  a  bronze,  when  exposed  even  to  a  modemte  heat, 
1  and  which  therefore,  he  argues,  can  never  have  en- 
dured any  strong  action  of  fire. 

The  answer  to  this  argument  is  very  plain,  if  we 
[  admit  the  effects  ascribed  by  Dr  Hutton  to  the 
I  eompression  which  necessarily  takes  place  in  the 
mineral  regions.  If  indeed  the  heat  in  those  re- 
gions resembled  exactly  that  of  our  fires  at  the  sur- 
fiice,  it  would  not  be  easy  to  deny  the  above  con- 
clusion, which  therefore  certainly  holds  good  against 
the  volcanic  origin  of  the  Egyptian  basal tes.  But 
there  is  no  reason  why,  under  strong  compression, 
the  colouring  matter  of  these  stones  might  not  be 
fixed,  and  indestructible  by  heat,  though  it  can  be 
easily  volatilized  or  consumed  when  such  compres- 
sion is  removed.  This  argument  then  is  against 
the  volcanic ;  but  not  against  what  has  been  called 
the  Plutonic  formation  of  basaltes. 

2*7*  As  to  the  other  marks  of  fire  which  Do* 
lomieu  sought  for  and  did  not  find  in  the  above- 
mentioned  stones,  we  are  not  exactly  inforaied  in 
what  they  consisted.  If  the  crystallized  or  spathose 
teKture  that  belongs  to  this  description  of  stones 
was  wantinL  >pecimens  were  not  to  be  consi- 

as  ot  the  real  basaltic  or  whinstone  genus, 
fhatever  their  name  or  history  may  seem  to  indi- 
If  they  did  possess  that  texture,  they  had 
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the  only  mark  of  an  igneous  origin  that  could  be 
expected,  supposing  that  origin  to  have  been  in  the 
bowels  of  the  earth.  No  part,  therefore,  q£  tlie 
observations  of  this  ingenious  niineral(^ist,  can  be 
considered  as  inconsistent  with  the  theory  of  basal* 
tic  rocks  which  has  been  laid  down  above. 

@48.  Bergman  had  before  reasoned  on  this  sub- 
ject precisely  in  the  same  manner,  but  from  better 
data,  as  the  stones  from  which  he  derived  his  ar* 
gument  were  in  their  native  place  :  *'  Tmp/'  sap 
that  ingenious  author,  (that  is  whinstone,)  ^*is 
found  in  the  stratified  mountains  of  West  Goth- 
land, in  a  way  that  deserves  to  be  described.    The 
lower  stratum,  which  is  several  Swedish  miles  in  . 
circuit,  (lOi  of  these  miles  make  a  degree,)  is  an 
arenaceous  stone,  horizontal,  resting  on  granite, 
and  having  its  particles  agglutinated  by  clay.   The 
^  stratum  above  this  is  calcareous,  full  of  the  petri- 
Actions  of  marine  animals,  and  above  this  is  the 
trap.     These  three  kinds  of  rock   compose  the 
greater  part  of  the  mountains  just  mentionedi 
though  there  are  some  other  beds,  particularly  very 
thin  beds  of  marl  and  of  clay,  which  separate  the 
middle  stratum,  both  from  that  which  is  under  it 
and  over  it,  and  are  frequently,  po  penetrated  with 
bitumen  that  they  bum  in  thrlHBKliis  schistu^ 
is  black ;  when  burnt  it  becomesred,  and  after^ 
wards,   when  washed  with  water,   a£Pords  ^um«» 
How  can  it  be  supposed/'  he  adds,  ^'  that  th^ 


trap  has  ever  been  violently  heated,  while  the 
flehistus  on  which  it  is  incumbent  retains  its  black- 
ness, which  however  it  loses  by  the  action  even  of 
a  very  weak  fire  ?'*  * 

The  answer  to  this  argument  is  already  given. 
The  reasoning,  as  in  the  former  instance,  is  con- 
clusive only  against  the  action  of  volcanic  fire,  or 
fire  at  the  surface ;  but  not  against  the  action  of 
heat  deep  in  the  bowels  of  the  earth,  and  under 
the  pressure  of  the  superincumbent  ocean.  In  such 
a  situation,  the  bituminous  schistus  might  be  in 
contact  with  the  melted  basalt,  and  yet  there  might 
be  no  evaporation  of  the  volatile,  nor  combustion 
of  the  inflammable  parts.     It  does  not,  however, 
always  happen,  that  the  bituminous  substances,  or 
substances  alterable  by  fire,  which  are  found  in 
contact  with  basal tes,  are  without  any  mark  of  hav- 
ing endured  the  operation  of  fire.     Instances  in 
which  such  operation  is  apparent  arc  given  above, 
§  30 }  and  more  will  be  added  in  the  conclusion  of 
this  note. 

2^i9-  The  same  mineralogist  founds  another  ar- 
gument for  the  aqueous  formation  of  whin  or  trap, 
on  the  existence  of  that  stone  in  the  form  of  veins, 
included  in  primeval  rocks :  **  Invenitur  hoc 
saxumipng^'tn  Suecia  pluribus  locis,  s^peque  in 

•  Bergman  de  Procluctis  Volcanicis,  Opuscula,  Tom,  III. 
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montibus  primfevis,  angustas  implens  vetias,  adeo 
subtilis  structurse,  ut  particular  sint  impalpabiles, 
et,  dum  niger  est,  genuinum  efficit  lapidem  Ly- 
djum.  In  hisce  montibus,  nulla  adsunt  ignis  snb- 
terranei  vestigia."  ^  m 

The  phenomena  here  described,  namely,  a  vei^ 
of  compact   whinstone  traversing  a  primary  rock, 
IS,  without  doubt,  as  incapable  of  being  explained 
by  the  operation  of  a  volcano,  as  it  is  by  that  of 
aqueous  deposition.     It  is,  however,  a  most  com- 
plete proof  of  tlie  original  softness  of  the  substance 
of  which  the  veins  consist,  and  affords  one  of  the 
strongest  possible  arguments  for  such  an  operation 
of  fire  as  is  supposed  in  the  present  theory.     The 
main  arguments,  therefore,  which  have  been  pro- 
posed as  subversive  of  the  igneous  origin  of  ba- 
saltes,  are  only  subversive  of  their  formation  by 
one  modification  of  fire,  viz.  of  fire  acting  near  the 
surface  ;    and   thus  the  weapons   which    directly 
pierce  the  armour  of  the  Volcanist,  and  inflict 
mortal  wound,  are  easily  turned  aside  by  the  su 
rior  temper  of  the  Plutonic  mail. 

250,  An  argumeut  founded  on  facts  very  simi 
lar  to  some  of  the  preceding,  and  leading  to  tb 
same  conclusion,  is  employed  by  the  mineralogi: 
to  whom  the  Neptunian  system  owes  its  thief  sup 
port*      Werner,  in  his  observations   on   volcanic 
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TXKrks  and  on  hasaltes,  has  rested  his  proof  of  the 
aqueous  formation  of  the  latter,  on  their  interposi- 
tion between  beds  of  stone  in  monntains  regularly 
stratified,  and  obviously  formed  by  water.     He  de- 
scribes an  instance  of  this  in  the  basaltic  hill  of 
Scheibenberg  ;  and  the  facts,  though  most  of  them 
are  not  uncommon,  are  highly  deserving  of  atten- 
tion.    Near  the  top  of  this  hill,  and  above  the  ba- 
saltic rock  which  composes  the  body  of  it,  he  tells 
II?,  that  there  was  a  sand-pit ;  a  circumstance  which 
he  appears  to  consider  as  not  a  little  singular.      It 
was,  however,  at  the  bottom  of  the  hill,  that  he 
met  with  the  appearances  which  chiefly  attracted 
his  notice :    **  First,"  says  he,  "  or  lowest,  was  a 
thick  bank  of  qnartzy  sand,  above  that  a  bed  of  clay, 
then  a  bed  of  the  argillaceous  stone  called  wacke; 
aad  upon  this  last  rested  the  hasaltes/'    *'  Mlien 
I  saw,"  adds  he,  "  the  three  first  beds  running 
almost  horizontally  under  the  basal  tes,  and  form- 
ing its  base ;  the  sand  becoming  finer  above,  then 
argillaceous,  and  at  last  changing  into  real  clay,  as 
the  argil  was  converted  into  wacke  in  the  superior 
part ;    and,  lastly,  the  wacke  into   basal tes  ;  in  a 
word,  when  I  found  a  perfect  transition  from  pure 
sand  to  argillaceous  sand,  from  the  latter  to  a  sandy 
clay,  and  from  this  sandy  clay,  through  many  gra- 
dations, to  a  fat  clay,  to  wacke,  and  at  last  basaltes, 
I  was  irresistibly  led  to  conclude,  that  the  basaltes, 
the  wacke,  the  clay,  and  the  sand,  are  all  of  one 
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and  the  same  ibniiatioii ;  and  that  they  are  all  the 
effect  of  a  chemiciil  precipitation  during  one  and 
the  same  submersion  of  this  country,"  * 

First,  as  to  the  sand  on  the  top  of  this  basalti 
hill,  it  is  most  probably  the  remains  of  certain  sane 
stone  strata  that  originally  covered  the  basalti 
part,  but  are  now  worn  away.     We  are  therefor 

^  *'  Combien  je  Ajs  Burpris  de  voir  en  Errivant  au  fond 
un  6pais  banc  de  sMe  quartzeux^  puis  au-dessus  uoe  cou 
(Targile^  enfin  une  couch e  dc  la  pierre  argileuse  nomml 
tvacke,  et  sur  ceUe-ci  reposer  le  Imsnllc.  Quand  Je  tis  le 
trois  premieres  couches  8*GnfonceT presqu  horizontalemetit  sou 
le  basalle,  et  former  ainsi  sa  base  §  le  sable  devenir  plus 
ay*dessus,  ptiis  argjleux^  et  se  changer  enfin  en  vraie  argUi 
com  me  Targile  £e  convert  iss  oil  en  wacke  dang  sa  partie  supl 
rieure ;  et  finalement  la  wacke  ea  basalte  ;  en  uo  mot, 
trouver  ici  une  transition  parjaiie  du  sable  pur  au  sabfe  argi 
leuXf  de  celuUci  ^  rnrgile  sablonneuse,  et  de  rargHe  sablon 
neusCf  par  plusieurs  gradations,  a  Vargile  grasse,  a  la  i 
et  enfin  au  basalie. 

*'  A  cettc  vue,  je  fus  sur  le  champ  et  irrt'sistiblemeDt'i 
trains  a  pen^ser,  (comme  Tauroit  etc  sons  dnute  tout  connoia 
fieur  impartial  frapp^  dci  consequences  dc  ce  ph^nom^oe  \ 
je  fus,  dis-jci  irresistiblement  entraine  aux  idees  suivantesj 
Ce  basaliCt  celte  wacke,  cettc  argile,  et  ce  salle,  soni  tTun 
seule  et  m^mejbrmalion  ;  iU  sont  tons  Teffet  d'une  pricip 
tion  par  vote  humide  dans  une  seule  et  meme  submersion  ( 
cette  contr6e ;  les  eaux  qui  la  couvroient  alors  transportoiec 
d'abord  le  sable^  puis  deposoient  fargile^  et  changoient  peu 
^-peu  leur  precipitation  en  wacke,  et  enfin  en  vraie  basalteJ"- 
Journal  de  Physiqiie,  Tom.  XXXVIIL  (17910  Partie  1, 
415. 
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ta  consider  tliis  as  an  instance  of  a  basaltic  rock, 
interposed  between  strata  that  are  undoubtedly  of 
marine  origin*  In  this,  however,  there  is  nothing 
inconsistent  with  Dr  Mutton's  theory  of  basalt^s  j 
on  the  conti*aryj  it  is  one  of  the  principal  facts  on 
which  that  theory  is  founded*  It  has  indeed  been 
argued  by  some  mineralDgists,  that  bodies  thus 
contiguous  must  owe  their  origin  to  the  same  ele- 
ment»  and  that  a  mineral  substance  cannot  be  of 
more  recent  formation  than  that  which  lies  above 
it.  But  the  maxim,  that  a  fossil  must  have  the 
same  origin  with  those  that  surround  it,  does  not 
hold^  unless  they  have  a  certain  similarity  of  struc- 
ture. It  is,  for  instance,  the  want  of  this  simila- 
rity, that  authorizes  us  to  assign  different  periods 
of  formation  to  mineral  veins,  and  to  the  rocks  in 
which  they  are  included. 

In  a  succession  of  strata,  no  one  can  doubt,  that 
the  lowest  were  the  first  ibrmed,  and  the  others  in 
the  order  in  which  they  lie  j  but,  when  between 
two  strata  of  sandstone  or  of  limestone  we  find  an 
intermediate  rock,  so  different  as  to  resemble  lava, 
and  to  have  nothing  schistose  or  stratified  in  its 
com|x>sition,  the  same  instrument  cannot  be  sup- 
posed to  have  been  employed  in  the  formation  of 
both ;  nor  is  there  any  reason  why  we  may  not 
suppose,  that  the  intermediate  body  was  interposed 
between  the  other  two,  by  some  action  subsequent 
to  their  formation.     It  was  thus  that  Dolomieu 
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[» concluded,  when  he  saw  a  lava-like  stone  interposed 
'  between  calcareous  strata  in  the  Val  di  Nolo,  that, 
though  contiguous,  these  two  rocks  could  not  pos- 
sibly be  of  the  same  formation  ;  and  thus  far  it  is 
certain,  that  every  unprejudiced  observer  must 
agree  with  him. 

251.  But  the  circumstance  on  which  Werrn 
seems  to  lay  the  greatest  stress,  is  the  gradual 
sition  from  the  sand  to  the  basalt,  through  the 
tennediate  steps  of  day  and  wacke ;  this  gradual 
transition  he  considers  as  a  direct  proof^  that  th 
are  all  of  the  same  formation, 

A  gradual  transition  of  one  body  into  another^ 
can  only  be  said  to  take  place,  when  it  is  impossible 
to  define  their  common  boundary,  or  to  determi 
the  line  where  the  one  begins  and  the  other  endi 
Now,  if  this  be  the  proper  notion  of  gradual  trart 
sition,  I  must  say,  that  after  much  careful  exauu< 
nation,  I  have  never  seen  an  instance,  in  whicl 
such  a  transition  takes  place  between  whinsto 
and  the  contiguous  strata.  The  line  of  separatio: 
though  in  some  places  less  evident  than  in  othei's^' 
has,  on  the  whole,  been  marked  out  with  great  p; 
cision  ;  and,  though  the  stones  have  been  fi 
ly  united,  or,  as  one  may  say,  welded  one  upo; 
another,  yet,  when  a  fresh  fracture  was  obtaine 
the  stratified  and  unstratified  parts  have  rarely  fail 
ed  to  be  distinguished.  The  fresh  fracture  is  in»i 
deed  often  necessary,  for  many  species  of  whinstoiie 
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get  by  decomposition  a  granulated  texture  at  the 
^irface,  so  as  hardly  to  be  distinguished  from  real 
sandstone. 

Some  of  the  kinds  of  primary  schistus  alsoi  par- 
ticularly the  argillaceous,  when  much  indurated^ 
have  in  their  structure  a  considerable  resemblance 
to  whinstone  ;  they  are  slightly  granular,  or  lami* 
nated,  and  have  a  tendency  to  a  sparry  texture. 
Where  it  happens  that  this  sort  of  schistus  and 
whinstone  are  contiguous,  it  is  natural  to  expecti 
that  their  common  boundary  will  be  traced  with 
difficulty,  and  in  many  parts  will  be  quite  uncer- 
tain. Still,  however,  if  a  careful  examination  is 
made  j  if  the  effects  of  accidental  causes  are  remov- 
ed ;  and,  above  all,  if  the  more  ambiguous  instan- 
ces are  compared  with  the  more  decisive,  and  in- 
terpreted by  them,  though  single  specimens  may 
be  doubtful,  we  will  hardly  ever  find  that  any  un- 
certainty remains  with  respect  to  entire  rocks. 

^52»  This  general  fact,  which  I  state  on  much 
better  authority  than  that  of  my  own  observations, 
viz.  on  those  of  Dr  Hutton,  is  not  given  as  abso- 
lutely without  exception.  The  theory  of  whin- 
stone which  has  been  laid  down  here,  leads  us  in- 
deed to  look  for  some  such  exceptions.  It  is  cer- 
tain, that  the  basis  of  whinstone,  or  the  material 
out  of  w  hich  it  is  prepared  by  the  action  of  subter- 
raneous heat,  is  clay  in  some  state  or  other,  and 
probably  in  that  of  argillaceous  schistus.     It  fol- 
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tunian  origin  of  the  basakic  proniontory  where  they 
were  found.  I  went  to  see  these  specimens  in 
company  with  Lord  Webb  Seymour  and  Sir  James 
Hall ;  and,  on  examining  them  carefully,  we  were 
all  of  opinion,  that  the  stones  which  contained  the 
shells,  or  the  impressions  of  the  shells,  were  no 
part  of  the  real  basaltes.  They  were  all  very  com- 
pact, and  had  all  more  or  less  of  a  siliceous  appear- 
ance, such  as  that  of  cheit  ;  they  had  nothing  of 
a  sparry  or  crystallized  structure  ;  their  fracture 
was  conch oidal,  and  but  slightly  uneven.  In  two 
of  them,  one  of  which  bore  the  impression  of  a  cor* 
nu  ammoJiiSf  the  schistose  texture  might  be  dis- 
tinctly perceived.  A  specimen  which  accompanied 
them,  but  in  which  there  was  no  shell,  served  very 
exactly  to  explain  the  relation  between  these  stones 
and  the  true  basaltes.  Part  of  this  specimen 
was  a  true  basalt,  and  the  rest  a  sort  of  homstone, 
exactly  the  same  with  that  in  which  the  shells 
were,  and  not  unlike  the  jasper  that  is  under  the 
whinstone  of  Salisbury  Crag,  and  in  contact  with 
it ;  so  that  on  the  whole  it  was  endent,  that  the 
rock  containing  the  shells  is  the  schistus  or  strati- 
fied stone,  which  serves  as  the  base  of  the  basaltes, 
and  which  Ixas  acquired  a  high  degree  of  indura- 
tion, by  the  vicinity  of  the  great  ignited  mass  of 
whinstone. 

This  solution  of  the  difficulty  has  since  been 
confirmed  by  observations  made  on  the  spot  by  Dr 
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Hope,  who  discovered  two  or  three  alternations  of 
die  basaltic  rock,  with  the  beds  of  the  schistus  in 
which  the  shells  are  contained, 

254*  This  also  explains  some  obsei*vations  of 
Spallanzani,  made  in  the  island  of  Cerigo,  on  the 
coast  of  Greece,  the  Cythsera  of  the  ancients.  ♦ 
The  base  of  that  island  is  limestone  ;  but  it  abounds 
also  in  unstratified  rocks,  which  the  Italian  natural- 
ist supposes  to  be  of  volcanic  origin  ;  but  which,  if 
I  mistake  not,  we  would  regard  as  whinstone,  or 
perhaps  porphyry ;  and  they  are  said  to  contain 
oyster  shells  and  pectinites  of  a  large  size,  perfect- 
ly mineralized*  These  petrifactions^  however,  SpaU 
ianzani  says,  are  not  contaiued  in  the  lava  that  has 
actually  flowed,  but  in  stones  which  have  only  en- 
dured a  slighter  action  of  fire.  Without  the  com- 
mentary afforded  by  the  Partrush  specimens,  it 
flrould  be  difficult  to  make  out  any  thing  very  pre- 
cise from  this  description.  By  help  of  the  informa- 
tion derived  from  those  specimens,  we  may  con- 
clude, that  the  condition  of  the  shells  in  them,  and 
in  the  rocks  of  Cerigo,  is  perfectly  alike  ;  and  that, 
in  both  cases,  the  shells  are  involved  in  parts  of  the 

»rock  which  are  truly  stratified,  but  which  have  been, 
in  some  degree,  assimilated  to  the  basaltes  by  the 
heat  which  they  have  endured.    Spallanzani  would 
probably  have  used  exactly  the  same  terms  which  he 
•  Journal  dc  Physique,  Tom.  XLVIII.  {l79B,)  p.  J278. 
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employs  in  speaking  of  Cerigo,  if  he  had  been  re* 
qmred  to  describe  the  petrified  shells  at  Portrush. 

255.  In  the  instances  just  mentioned,  the  petri* 
fied  marine  objects  arc  not  found  io  the  real  whin- 
stone  ;  but  if  they  were  found  in  it,  when  it  borders 
on  stratified  rocks  containing  such  objects,  the  thing 
would  not  be  at  all  surprising*  nor  furnish  any  ar- 
gument against  the  igneous  consolidation  of  the 
stone.  If  a  torrent  of  melted  matter  was  poured  in 
among  the  strata,  by  a  force  which  at  the  same  time 
broke  up  and  disordered  those  strata^  nothing  could 
be  more  natural,  than  that  this  matter  should  con- 
tain fragments  of  them,  and  of  the  objects  peculiar 
to  them. 

In  one  Instance,  mentioned  by  Mr  Strange,  this 
seems  actually  to  have  taken  place*  In  the  Vero- 
nese, a  country  remarkable  for  a  mixture  of  little- 
stone  strata,  containing  marine  objects,  with  volcait' 
ic  or  basal  tine  hills,  he  assures  us,  that  he  bad  seen 
a  mass  of  stone,  wliich  had  evidently  concreted  from 
fusion,  in  which  the  marine  fossil  bodies,  original- 
ly, as  he  supposes,  contained  in  the  strata^  were 
perfectly  distinguishable,  though  variously  disfigur- 
ed. ^  It  may  be,  that  in  this,  as  in  the  foregoing 
examples,  it  was  not  real  basaltes,  or  real  lava, 
which  contained  the  shells,  but  the  contenuinal 
rock  J  but,  supposing  it  to  be  as  Mr  Strange  repit* 

•  Phil.  Trans.  1775,  p.  25. 
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sents  it,  there  appears  to  be  no  inconsistency  be- 
tvreen  the  phenomenon,  and  the  i^eons  origin  of 
i     die  rock  in  which  the  shells  were  inchided*    Here, 
I     however,  it  should  be  remarked,  that  the  presence 
of  great  pressure,  to  prevent  the  conversion  of  the 
shells  into  quicklime,  seems  absolutely  necessary ; 
and  that  the  phenomenon  of  these  basaltic  petrifac- 
tions, requires  tlie  application  of  heat  to  have  been 
deep  under  the  surface  of  the  earth, 
■       256,  The  phenomena  we  have  been  considering, 
I  have  been  selected  as,  the  most  unfavourable  to  the 
igneous  origin  of  basaltic  rocks  ;  and  we  have  seen, 
I     that  when  duly  examinedj  they  are  not  at  all  incon- 
sistent vvith  it.     We  are  now  to  take  a  view  of 
tsome  appearances,  that  seem  quite  iiTeconcilable 
with  the  aqueous  formation  of  these  rocks. 
Where  whiostone  rocks  are  found  in  masses, 
bounded  by  the  strata,  and  insulated  among  them, 
they  subject  the  Neptunian  system  to  great  difficul- 
ties.   For,  supposing  it  true  that  this  stone  may  be 
produced  by  the  precipitation  and  crystallization  of 
miueral  substances  dissolved  in  water,  yet  it  seems 
unaccountable,  that  this  effect  has  been  so  local  and 
limited  in  extent,  iis  often  to  be  confined  to  an  irre- 
gidar  figure  of  a  few  acres,  while,  all  round,  the 
substances  deposited  have  had  no  tendency  to  cry- 
stallization, and  have  been  formed  into  the  common 
leeondary  stmta.    The  rock  of  Salisbury  Crag,  for 
instance,  is  a  mass  of  whinstonei  bavtng  a  per[ien« 
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dicular  face  eighty  or  ninety  feet  high  toward  thtiP 
west,  and  exteuding  from  north  to  south  with  a  cir- 
culai'  sweep  about  900  yards.  The  whole  of  this 
rock  rests  on  regular  beds  of  secondaiy  sandstone, 
not  horizontal,  but  considerably  depressed  toward 
the  north-east :  the  rock  is  loftiest  in  the  middle, 
and  decreases  in  thickness  toward  each  end,  termi- 
nating at  its  northern  extremity  in  a  kind  of  wedge. 
It  is  covered  at  top>  toward  that  extremity,  with 
regular  beds  of  sandstoae,  perfectly  similar  to  those 
on  which  it  is  incumbent ;  and  it  is  not  miproba* 
ble,  that  this  covering  formerly  extended  over  the 
whole. 

Now,  what  cause  can  have  deteiminetl  the  co- 
lumn of  water,  which  rested  on  the  base  at  present 
occupied  by  this  rock,  to  deposit  nothing  but  the 
materials  of  whinstone,  while  the  water  on  the 
south,  west,  and  north,  was  depositing  the  mate- 
rials of  arenaceous  and  marly  strata  ?  Wherefore, 
within  this  small  space,  was  the  precipitate  everf 
where  chemical^  to  use  the  langu^ige  of  Werner, 
while  close  to  it,  on  either  side,  it  was  entirely  me* 
chankal?  Why  is  there,  in  this  case,  no  gradki 
tion  ?  and  why  is  a  mere  mathematical  line  the 
boundary  between  regions  whei'e  such  difterent 
laws  have  prevailed  ?  Whence  also,  we  may  ask, 
has  the  basaltic  deposit  been  abruptly  terminated 
tow\ird  the  west,  so  as  to  produce  the  steep  fiM»j 
which  has  just  been  mentioned  ?     The  operation 
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of  cmrents,  or  of  any  motion  that  can  take  place  in 
a  fluid,  will  furnish  no  explanation  whatever  of 
these  phenomena ;  yet  they  are  phenomena  far 
from  being  peculiar  to  a  single  hill ;  they  are 
among  the  most  general  and  characteristic  appear- 
ances in  the  natural  history  of  whinstone  moun- 
tains }  and  a  geological  theoiy  which  does  not  ac- 
count for  them,  is  hardly  entitled  to  any  considera- 
tion. 

237,  The  basaltic  rock,  just  described,  is  also 
covered,  at  least  partly,  with  strata  perfectly  simi- 
lar to  those  that  lie  under  it.  Now,  it  appears  al- 
together unaccountable,  that  after  the  water  had 
done  depositing  the  materials  of  the  whin  on  the 
«pot  in  question,  the  former  order  was  so  quickly 
resumed,  and  a  deposition  of  sand,  and  of  the  other 
materials  of  the  strata,  took  place  just  as  before. 
All  this  is  quite  unintelligible  ;  and  the  principles 
of  the  Neptunian  system  seem  here  to  stancf  as 
much  in  need  of  explanation,  as  any  of  the  appear- 
laces  which  they  are  intended  to  account  for. 

258,  The  unequal  thickness,  and  great  irregu- 
larity in  the  surface  of  the  whinstone  mass,  here 
treated  of,  and  of  many  rocks  of  the  same  kind,  is 
also  a  great  objection  to  the  notion  of  their  aqueous 
formation.  This  seems  to  have  been  perceived  by 
Werner,  in  the  instance  of  the  rocks  formerly  men- 
tioned ;  and  he  endeavours  to  explain  it,  by  sup- 
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posing,  that  much  of  these  rocks  has  been  destroy- 
ed  by  waste  and  decomposition,  so  that  an  inepi- 
larity  of  their  surface,  and  want  of  correqpcmdenfll 
has  been  given  to  them,  which  they  did  not  ori^r 
nally  possess.  In  the  instance  of  Salisbury  Cn|^ 
however,  we  have  a  proof,  that  the  great  irr^olif 
rity  of  surface,  and  the  inequality  of  thickness  di 
not  always  arise  from  these  causes.  The  thinnert 
part  of  that  rock,  toward  its  northern  extremityy 
is  still  covered  by  the  strata  in  their  natural  places 
and  has  been  perfectly  defended  by  them  firooi 
every  sort  of  wearing  and  decay.  The  cuneifom 
shape,  therefore,  which  this  rock  takes  at  its  ext» 
mities,  and  the  great  difierence  of  its  thickness  at 
them  and  in  the  middle,  is  a  part  of  its  original 
constitution,  and  can  be  attributed  to  nothing  ca- 
sual, or  subsequent  to  its  consolidation. 

The  same  may  be  said  of  many  other  basaltic 
rocks,  where  an  inequality  of  thickness,  most  un- 
like to  what  belongs  to  aqueous  deposits,  is  known 
to  exist  in  beds  of  whinstone  that  are  still  deep  un- 
der the  surface.  Thus  the  toadstone  of  Derby- 
shire,  even  where  it  has  a  thick  covering  of  strata 
over  it,  has  been  found,  by  the  sinking  of  perpendi- 
cular shafts,  to  vary  from  the  thickness  of  eighteen 
yards  to  more  than  sixty,  within  the  horizontal  dii* 
tance  of  less  than  a  furlong.  Nothing  of  this 
kind  is  ever  found  to  take  place  in  those  beds  (A 


rock  which  are  certainly  known  to  originate  from 
aqueous  deposition,  and  no  character  can  more 
strongly  mark  an  essential  difference  of  formation* 
259,  We  have  had  frequent  occasion  to  consi- 
der the  characters  of  those  masses  of  whinstone 
which  are  so  often  found  interposed  between  stra- 
tified rocks.  These  have  been  found  in  jreneral 
veiy  adverse  to  the  Neptunian  system  ;  and  two  | 

of  them  which  yet  remain  to  be  mentioned,  are  ! 

even  more  so  than  any  of  the  rest. 

Where  a  bed  or  tabular  mass  of  whinstone  is  in-  ^ 

teqjosed  between  strata,  and  wherever  an  opportu-  ) 

nity  offers  of  seeing  its  termination,  if  the  strata  un-  j 

der  it  are  not  broken,  it  may  be  remarked,  that 
they  do  not  abut  themselves  bhiff  and  abrupt  against  ' 

tlie  whin.  On  the  contrary,  it^  we  mark  the  course 
of  the  stratum  which  covers  the  w^hinstone,  and  of  i 

that  which  is  the  base  of  it,  we  shall  find  they  con- 
verge toward  one  another,  the  interposed  mass 
growing  thinner  and  thinner,  like  a  wedge.  When 
the  latter  terminates,  the  two  former  come  in  con- 
tact, and  have  no  stratum  interposed  between  them. 
Thus  the  roof  and  base  of  the  whinstone  rock  arc 
contiguous  beds,  that  appear  as  if  they  had  been  i 

hlled  up  and  bent,  and  separated  by  an  interposed 
mass.  Had  the  whole  been  an  effect  of  sinmltane- 
ous  deposition,  the  regular  strata  must  have  been 
abruptly  terminated  by  the  whin,  like  two  courses 
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in  their  texttii^e.     One  of  the  best  and  most  ime- 

quivocal  instances  of  this  sort  which  1  have  seen,  is 
to  be  found  on  the  south  side  of  Arthur^s  Seat^ 
near  Edinburgh*  The  rock  which  composes  the 
upper  part  of  the  bill,  on  that  side,  is  a  whinstone 
breccia,  such  as  we  have  many  examples  of,  and,  I 
believe,  very  much  resembUng  what  is  called  a  lava 
brecciata  by  the  volcanic  geologists.  The  stony 
fragments  included  in  this  compound  mass,  are  for 
the  greater  part  rounded  ;  and  some  of  them  are  of 
whinstone,  others  of  porphyry,  strongly  cliaracter- 
ized  by  rectangular  macula?  of  feldspar,  and  many 
seem  to  be  of  sandstone,  but  so  considerably  alter- 
ed, as  to  leave  it  at  least  disputable  w^hcther  they 
really  are  so  or  not.  In  one  part,  however,  where 
the  face  of  the  rock  is  nearly  perpendicular,  a  nar- 
row ridge  is  seen  standing  out  from  the  rest,  and 
of  a  different  colour,  being  more  entirely  covered 
with  moss  than  tlie  rock  round  about  it,  and,  as 
may  be  presumed  from  that  circumstance,  less  liable 
to  decomposition.  Oo  examination  I  found,  tha 
this  ridge  does  not  consist  of  whinstone,  but  of  a| 
very  hard  and  highly  consolidated  sandstone.  Il 
appears  to  be  the  edge  of  a  stratum,  of  the  thici 
ness  of  about  nine  or  ten  inches,  and  of  the  heigl 
of  fifteen  or  sixteen  feet.  It  is  not  perfectly  straight»1 
but  slightly  waved,  its  general  direction  being  near4 
ly  vertical  ;  and  it  is  on  both  sides  firmly  embraced' 
by  the  whinstone.     When  broken,  it  appears  that 


« 


Ms  sandstone  resembles  io  colour,  and  in  every 
thing  but  its  greater  consolidation,  and  more  vitre- 
ous structure,  the  common  grit  found  at  the  bottom 
of  ike  hill,  and  over  all  the  adjacent  plain, 

46s,  If  all  these  circumstances  are  put  together, 
there  appears  but  one  conclusion  that  can  be  dx'awn 
from  them.  We  have  here  the  manifest  marks  of 
some  power  whiuh  could  lift  up  this  fragment  of 
rock  from  its  native  place,  distant  at  least  several 
hundred  yards  from  its  present  situation,  place  it 
upright  on  its  edge,  encompass  it  with  a  solid  rock, 
of  a  nature  quite  heterogeneous  to  itself,  and  bestow 
on  it,  at  the  same  time,  a  great  addition  of  solidity 
and  induration.  If  the  mass  in  which  this  stone  is 
now  imbeddedi  be  supposed  to  have  been  once  in 
fusion,  and  forcibly  thrown  up  from  below,  invad- 
ing the  strata,  and  carrying  the  fVagnients  along 
vrith  it,  the  whole  phenomena  now  described  admit 
of  an  explanation,  and  all  the  circumstances  accord 
perfectly  with  one  another  ;  but,  without  this  sup- 
position, they  are  so  many  separate  prodigies,  which 
have  no  connection  w^ith  one  another,  nor  with  any 
thing  that  is  known.  It  is  indeed  impossible,  that 
the  effects  of  motion  and  heat  can  be  more  clearly 
expressed  than  they  are  here,  or  the  subject  in 
which  these  powers  resided  more  distinctly  pointed 
out. 

263.  The  preceding  facts  being  susceptible  but 
of  one  interpretation,  are  on  that  account  extreme- 
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ly  valuable.  Tlie  plienomfena  of  Salisbury  Crag 
netir  the  same  place^  are  almost  equally  free  trot 
ambiguity.  The  basaltic  rock  which  fomis  that  pr 
cipice,  rests  on  areuaceous  or  raarly  strata  ;  and 
these,  in  their  immediate  contact  with  the  former, 
aiFortl  an  instance  of  what  13  mentioned  §  67f 
namely,  the  convemoo  of  the  strata  in  such  situa* 
tions  into  a  kind  of  petrosilex,  or  even  jasper.  The 
line  which  separates  the  one  rock  from  the  other,  is, 
at  the  same  time,  so  well  defined,  as,  in  the  eyes  evea 
of  the  most  determined  Neptunist,  to  exclude  all 
idea  of  insensible  gradation. 

264.  The  same  rock  affords  some  remarkable  lE 
stances  of  the  disturbance  of  the  strata  contiguoi 
to  the  whinstone*  The  beds  of  the  former  ar 
bent  upwards  in  several  places ;  and,  at  one  in  par^ 
ticular,  form  an  arch,  with  its  convexity  down w^ard^ 
so  as  to  make  it  evident,  that  the  force  which  pro 
duced  this  bending  was  directed  from  below  u[ 
wardjf, 

265.  It  is,  how^ever,  where  whinstone  takes 
form  of  veins,  intersecting  the  strata,  that  the 
duration  of  the  latter  is  most  conspicuous*     Th^ 
coast  of  Ayrshire,  and  the  opposite  coast  of  Af 
eTchibit  these  veins  in  astonishing  variety  and  abund« 
ance.     The  strata  are,  in  many  instances,  so  reti* 
eidaied  by  the  veins,  and  intersected  at  such  small  J 
distances,  that  it  seems  necessary  to  suppose,  that 
t|ie  fissures  in  them  were  hai4Iy  booner  made  thaQ 
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filled  up.     This  at  least  is  true,  if  the  veins  are  to 

-  I>e  accounted  all  of  the  same  formation  ;  and,  in  the 

^p-eatest  number  of  instances  by  far,  there  i^  no 

mark  of  the  one  being  posterior  to  the  other- 

266*  The  induration  of  the  sides  of  these  veins, 

some  cases,  has  been  such,  that  the  sides  have 

iconic  more  durable  than  the  vein  itself;  so  that 

le  whins  tone  has  been  worn  away  by  the  washing 

[|f  the  waves,  and  has  left  the  sides  standing  up, 

rith  an  empty  space,  like  a  diich^  between  them, 

>tte  of  these  1  remarked  on  the  south  side  of  Bro- 

^dick  Bay,  in  Arran,  which,  where  it  met  the  tkce  of 

au  abrupt  cliiF,  was  not  less  than  Ibrty  or  fifty  feet 

lin  depth. 

I     267*  I  shall  pass  over  whatever  argument  might 
■be  drawn  in  favour  of  our  system,  from  the  slender 
^lamtfications  of  the  veins,  and  the  varieties  of  their 
sizes,  from  a  few  inches  to  many  fathoms  in  diame- 
iter,  and  also  from  the  connection  which  they  often 
lippear  to  have  with  the  great  tabular  masses  of  ba- 
ItalteSy  and  shall  only  add  a  few  remarks  on  the 
charring  of  coal  in  the  vicinity  of  veins  or  masses 
of  whinstone*     The  connection  between  the  char- 
ring of  coal  and  the  presence  of  whinstone,  was  first 
iobserved  by  Dr  Hutton  ;  and,  as  far  as  opportuni- 
ties of  verifying  the  obsei-vation  have  yet  occurred, 
appears  to  be  a  fact  no  less  general  than  it  is  curi- 
ous and  interesting*     In  the  coal  mines  of  Scot- 
land, it  certainly  holds  remarkably,  particularly  in 
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those  about  Saltcoats  in  Ayrshire,  where  a  whin- 
stone  dike  is  known  to  stretch  across  the  whole  of^ 
the  coal  country,  and  to  be  every  where  accompanied 
with  blind  or  uninfiaintnable  coal.  At  Newcastle, 
i^^kes  of  the  same  kind  are  met  with,  and  one,  in 
particular,  in  what  is  cidled  the  Walker  Colliery, 
has  proved  the  action  of  subterraneous  fire,  to  the 
satisfaction  of  mineralogists  nowise  prejudiced  in. 
favour  of  the  Huttonian  system. 

The  coal  found  under  basaltes,  in  the  Island  of 
Sky,  has  been  aheady  mentioned,  §  140.  To  what 
was  said  concerning  the  fibrous  structure  of  the 
parts  of  that  fossil  in  immediate  contact  with  the 
whin,  it  may  be  added,  that  it  is  also  charred  in 
those  parts,  so  as  to  have  hardly  any  flame  when  it 
is  burnt,  though  further  down  it  is  of  the  nature  of 
ordinary  coal.  Indeed,  if  there  be  any  truth  in  Mr 
Kirwan's  general  remark,  that  it  is  common  to  find 
wood  coat  under  basaltes,  it  must  be  undei^tood  to 
aiise  from  this,  that  the  coal  in  contact  with  the 
basaltes  is  frequently  chaiTed,  and  its  fibrous  struc- 
ture,  by  that  means,  rendered  more  visible. 

aGS.  It  has  been  objected  to  the  supposition  of 
coal  having  its  bituminous  part  driven  off  by  the 
heat  of  the  whin  stone,  that  this  ought  not,  on  Dr 
Hutton's  principles,  to  happen  in  the  mineral  re- 
gions. But  it  may  be  replied,  as  has  been  done 
above,  that  the  local  application  of  heat  might  cer- 
tainly produce  this  effect,  aud  might  drive  off  the 
11 
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^lalile  parts  from  a  hotter  to  a  colder  part  of  the 
line  straiuQi.     The  bitumen  has  not  been  so  vola- 
ie<l  and  expanded  as  entirely  to  escape  from  the 
ineral  regions  j  but  it  has  been  expelled  from 
ime  parts  of  a  mass,  only  to  be  condensed  and  % 
concentrated  in  others.    This  supposition  coincides 
[Jtly  with  the  appearance*?* 
269-  The  native  or  fossil  coke  which  accom- 
lies  whinstonCi  has  been  distinguished  into  two 
leties.    The  first  is  the  most  common,  in  which, 
uugh  the  coal  is  perfectly  charred,  it  is  solid,  and 
^s  with  a  smooth  and  shining  surface.      The 
second  is  also  perfect  charcoal,  but  is  very  porous 
ind  spungy*     This  substance  is  much  rarer  than 
be  other.     Dr  Hutton  mentions  an  instance  of  it 
the  mouth  of  the  river  Ayr,  where  there  is  a 
irhinstoDe  dike,  *     1  had  the  satisfaction  of  visit- 
it  along  mth  him.     It  was  in  the  bed  of  the 
rer,  below  the  high  water  mark  ;  the  specimens 

the  exact  appearance  of  a  cinder. 
In   the  banks  of  the   same  river,  some   miles 
ligher  up,  he  found  a  piece  of  coal,  belonging  to  a 
;ular  stratum,  involved  in  vvhinstonc,  and  ex- 
aely  incombustible*     It  consumed  very  slowly 
.  the  fire,  and  deflagrated  with  nitre  like  plum- 
This  he  considered  as  the  same  fossil  which 
been  described  under  the  name  of  plombaghte* 
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Near  it,   and  connected  with  the  same   vein   0/ 
whinstone,  was  a  real  and  undoubted  plumbago. 

From  tliese  circumstances  he  also  concluded, 
that  plumbago  Is  the  extreme  of  a  gradation,  of 
which  fossil  coal  is  the  beginning,  and  is  nothing 
else  than  this  last  reduced  to  perfect  charcoal. 
This  agrees  with  the  chemical  analysis,  which 
shows  plumbago  to  be  composed  of  carbon,  com- 
bined with  iron. 

In  confirmation  of  this  theory,  he  mentions  a 
specimen,  in  his  possession,  of  steatitical  whinstone, 
from  Cumberland,  containing  nodules  of  a  very 
perfect  and  beautiful  plumbago  ;  and  he  also  takes 
notice  of  a  mine  of  this  last,  in  Ayrshire,  which, 
on  the  authority  of  Dr  Kennedy,  who  has  examin- 
ed it  with  great  cart%  I  can  state  as  being  contain- 
ed, or  enveloped  in  whinstone  ;  and  I  hope  the 
public  will  soon  be  favoured  with  a  particular  de- 
scription of  this  very  interesting  spot,  by  the  same 
ingenious  and  accurate  observer. 

270.  Thus  the  mineral ogical  and  chemical  dis- 
coveries agree  in  representing  coal,  blind  coal, 
plombagine,  plumbago,  as  all  modifications  of  the 
same  substance,  and  as  exhibiting  the  same  prin- 
ciple, carbon,  in  a  state  of  greater  or  less  combiiw- 
tion*  As  the  last  and  highest  tenn  of  this  series 
should  be  placed  the  diamond ;  but  we  are  yet 
unacquainted  with  the  matrix  of  this  curious  fossil 
and   its   geological    relation    to    other    minerals 
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When  known,  they  will  probably  give  to  this  sub- 
stance the  same  place  in  the  geological,  as  in  the 
chemical  arrangement:  in  the  mean  time,  it  is 
hardly  necessary  to  remark,  how  well  all  the  pre- 
ceding facts  agree  with  the  hypothesis  of  the  igne- 
ous formation  of  whinstone,  and  how  anomalous 
and  unconnected  they  appear,  according  to  every 
other  theory, 

271*  Notwithstanding  all  this  accumulated  and 
unanswerable  evidence  for  the  igneous  formatiuo 
of  basaltes,  a  great  objection  woukl  still  remain  to 
our  theory,  weie  it  not  for  the  very  accurate  and 
conclusive  experiments  concerning  the  fusion  of 
this  fossil,  referred  to  above,  §  75*  A  strong  pre- 
judice against  the  production  of  any  thing  like  a 
real  stone  by  means  of  fusion,  had  arisen,  even 
among  those  mineralogists,  who  were  every  day 
witnesses  of  the  stony  appearance  assumed  by  vol- 
canic lava*  They  still  maintained,  on  the  autho- 
rity of  their  own  imperfect  experiments,  thai  no- 
thing but  glass  can  ever  be  obtained  by  the  melting 
of  earths  or  of  stones,  in  whatever  manner  they  are 
L   combined*  ^^ 

W        An   ingenious   naturalist,    after    describing   a  ^H 

block  of  basaltes,  in  which  he  discovered  such  ap-  ^ 
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pearanceSy  as  inclined  him  to  admit  its  igneous 
consolidation,  rejects  that  hypothesis,  merely  from 
the  imaginary  inability  of  fire  to  give  to  any  sub- 
stance a  stony  character :     *'  Quel  que  melange,'* 
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«ay9  he,  **  de  terras  que  l*on  suppose,  quel  que  soit 
le  degre  dc  feu  que  I'on  imagiDe,  quel  que  soit  le 
terns  que  I'ou  emploic,  il  est  tres  certain  que  I'on 
n*obtiendra  pas,  par  le  seul  fluide  ign^,  ni  basalte, 
oi  rien  qui  lui  ressemble/'  * 

Sir  James  Hall's  experiments  have  completely 
demonstrated  the  contrary  of  what  is  here  assert- 
ed :  they  have  added  much  to  the  evidence  of  tbe 
Huttoniao  system  ;  and,  independently  of  all  theo- 
ry, have  narrowed  the  circle  of  prejudice  and 
error. 


Note  xv,  §  83. 


.t-M     tit    t 


On  Granite, 
1,  Granite  Veins* 


-41  272-  It  is  said  above,  §  77f  that  granite  is  found 
in  unstratified  masses,  and  in  veins*  In  the  far- 
mer of  these  conditions,  it  constitutes  entire  moun- 
tains, and  forms  the  central  ridge  of  many  of  the 
greatest  chains  that  traverse  the  surface  of  tbe 
earth.  It  is  the  granite  of  this  kind  that  has  been 
most  generally  described  by  travellers  and  mineral- 
ogists.    The  veins  have  not  been  so  much  attend- 

•  Journal  tk  Phys*  Tom.  XLIX.  (1799*)  l>.  36.        
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tance 
ibrtaining  the  relation  between  granite  and  other 
ilihs* 

IB73.  Though  Dr  Hutton  was  the  first  geologist 
jb  explained  the  nature  of  granite  veins,  and 
io  observed  with  attention  the  phenomena  which 
^mpany  them,  he  is  not  the  first  who  has  men- 
Hied  them.  M.  Besson  found  veins  of  this 
Id  in  the  Limoges,  in  an  argillaceous  schistns, 
id  unconoected,  as  far  as  appeared,  with  any  large 
IBS  of  granite-  * 

^ussure  met  with  granite  veins  in  the  Valorsine, 
It  did  not  see  them  distinctly.  He  ascribed  them 
infiltration,  f  The  date  of  this  observation  is  in 
Tf6 :  He  afterwards  discovered  similar  appear- 
jces  at  Lyons,  t 

Werner  also,  in  enumerating  the  substances  of 
iich  veins  are  formed,  reckons  granite  as  one  of 
em. 

|S74*  Veins  of  granite  may  be  eoDsidered  as  of 
b  kinds,  according  as  they  are  connected,  or  not 
ftnected  apparently  with  any  large  mass  of  granite, 
lis  probable,  that  these  two  kinds  of  veins  only 
Bar  in  appearance,  and  that  both  are  connected 
Hi  masses  of  the  same  rock,  though  that  connec- 
ha  18  vbible  in  some  instances,  and  invisible  Ie 
^- -..      ^ ^- 

I  •  Somnal  de  Fhya.  Tom*  XXIX.  p*  89- 
i  Voyages  aux  Alpes,  Tom.  L  g  598,  599, 
t  Ibid  §  601. 
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Others.  The  distinction,  however,  whatever  it  be 
with  respect  to  the  thing  observed,  is  real  with 
respect  to  tlie  observer ;  and,  as  it  is  right,  in  a 
description  of  facts,  to  avoid  every  thing  hypotheti- 
caly  1  shall  speak  of  these  veins  separately. 

275.  Veins  of  granite,  having  no  communica- 
tion, so  far  as  can  be  di^icovered,  with  any  mass  of 
the  same  rock,  are  found  in  the  Western  Islands  of 
Scotland,  particularly  in  that  of  Coll,  where  they 
traverse  tlie  beds  of  gneiss  and  hornblende  schistus, 
which  compose  the  main  body  of  the  island.  They 
are  sometimes  several  fathoms  in  thickness,  ob- 
liquely intersecting  the  planes  of  tlie  strata  just 
mentioned,  which  are  nearly  vertical*  In  these 
veins  the  feldspar  is  predominant ;  it  is  very  high- 
ly crystallized,  and  of  a  beantiful  flesh  colour. 
Many  smaller  veins  are  also  to  be  met  with  in  the 
same  place  ;  but  no  large  mass  of  granite  is  found, 
either  in  this  or  the  adjacent  island  of  Tiree. 

276-  The  Portsoy  granite,  of  which  mention 
has  been  already  made,  §  80,  also  constitutes  % 
vein  or  dike,  traversing  a  highly  indurated  mica- 
ceous schistus,  about  a  mile  to  the  eastward  of  the 
little  town  of  Portsoy,  and  not  visibly  connected 
with  any  large  mass  of  the  same  kind.  More  dikes 
than  one  of  this  granite  have  been  observed  near  the 
same  spot, 

A  similar  granite  is  likewise  found  inland,  in  tk 
neighbourhood  of  Huntly,  about  eighteen  raite 
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>uth  of  Portsoy  ;  but  whether  in  the  shape  of  a 
rein  or  a  mass,  I  have  not  been  able  to  learn, 

277.  Veins  of  granite  are  also  frequent  in  Corn- 
wall, where  they  are  known  by  the  name  of  lodcSy 
the  same  name  which  is  applied  in  that  country  to 
metallic  veins.     The  granite  veins  frequently  inter- 
tersect  the  metallic,  and  are  remarkable  for  produc- 
ing shifts  in  them,  or  for  throwing  them  out  of 
their  natural  dii^ction*     The  mineral  veins,  parti- 
cularly those  that  yield  copper  and  tin,  run  nearly 
from  east  to  west,  having  the  same  direction  with 
the  beds  of  the  rock  itself,  which  is  a  very  liard 
schistus.     The  granite  lodes,  as  also  those  of  por- 
phyry, called  elvan  in  Cornwall,  are  at  right  angles 
nearly  to  the  fonner  ;  and  it  is  remarked,  that 
they  generally  heave  the  mineral  veins,  but  that  the 
mineral   veins  seldom   or  never   heave  the  cross 
veins.     In   this  country,  therefore,   the  veins  of 
granite  and  porphyry  are  posterior  in  formation  to 
the  metallic  veins*     These  veins  of  granite  may 
perhaps  be  connected  with  the  great  granitic  mass 
that  runs  longitudinally  through  Cornwall,  from 
Dartmoor  to  the  Land's  End.     This  much  is  cer- 
tain, that  their  directions  in  general  are  such,  that, 
if  produced,  they  would  intersect  that  mass,  nearly 
at  r^ht  angles. 

274^*  The  granite  veins  in  Glentilt,  where  Dr 
Uutton  made  his  first  observations  on  this  subject^ 
arenott  I  believe,  visibly  connected  with  any  large 
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mass  of  the  same  rock,  *  The  bed  of  the  rii 
Tilt,  in  the  distance  of  little  more  than  a  mile,  is 
intersected  by  no  less  than  six  very  powerful  veins 
of  granite,  all  of  them  accompanied  with  such  fnarl& 
of  disorder  and  confusion  in  the  strata,  as  indicate 
very  strongly  the  violence  with  which  the  granite 
was  here  introduced  into  its  place.  These  veins 
very  probably  belong  to  the  great  mass  of  granite 
which  is  known  to  form  the  central  ridge  of  the 
Grampians  further  to  the  north  ;  but  they  are  se- 
veral miles  distant  from  it,  and  the  connection  is 
perhaps  invisible  in  the  present  state  of  the  earth's 
surface. 

279*  The  second  kind  of  granite  vein,  is  one 
which  proceeds  visibly  from  a  mass  of  that  i^ock, 
and  penetrates  into  the  contiguous  strata.  The 
importance  of  this  class  of  veins,  for  ascertaining 
the  relation  between  granite  and  other  mineral 
bodies,  has  been  pointed  out,  §  82  ;  and  by  means 
of  them  it  has  been  shown,  that  the  granite,  though 
inferior  in  position,  is  of  more  recent  formation 
than  the  schistus  incumbent  on  it ;  and  that  the 
latter,  instead  of  having  been  quietly  deposited  on 
the  foimer,  has  been,  long  after  its  deposition  and 
eansoliilation,  heaved  up  from  its  horizontal  posi- 
tion, by  the  liquid  body  of  granite  forcibly  impelled 
against  it  from  below. 


»  Trans,  Koyal  Society  Edin.  Vol  llh  p*  77^  &^ 


It  has  been  alleged,  in  order  to  take  off  the 
force  of  the  argument  derived  from  granite  veins, 
that  these  veins  are  formed  by  infiltration,  though, 
to  give  any  probability  to  this  supposition,  it  would 
be  necessary  to  show,  that  water  is  able  to  dissolve 
the  mgredients  of  granite  ;  and  even  if  this  could 
be  done,  the  direction  which  the  veins  have,  in 
many  instances,  rising  up  from  the  granite,  is  a 
proof,  as  remarked  §  82,  that  they  cannot  be  the 
eflFect  of  infiltration. 

Another  objection  has  been  thrown  out,  namely, 
that  the  veins  here  referred  to  are  not  of  true 
granite,  according  to  the  definition  which  mineral- 
ogists ha^'e  given  of  that  substance.  The  force  of 
a  fact,  however,  is  not  to  be  lessened  by  a  change 
of  names,  or  the  use  of  arbitrary  definitions.  The 
general  fact  is,  that  the  granitic  mass,  and  the  vein 
proceeding  from  it,  constitute  one  continuous,  and 
uninterrupted  body,  without  any  line  of  separation 
between  them.  The  geological  argument  turns  on 
this  circumstance  alone;  and  it  is  no  matter  whether 
the  rock  be  a  syenite,  a  granitelle,  or  a  real  granite. 
The  phenomenon  speaks  the  same  language,  and 
leads  to  the  same  conclusion,  whatever  be  the  tech- 
nical terms  the  mineralogist  employs  in  describing 
iU 

280.  It  must,  however,  be  admitted,  that  a  dif- 
ference of  character  is  often  to  be  observed  be- 
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tweeii  the  granite  mass  and  the  veins  proceeding 
from  it  f  sometimes  the  substances  in  the  latter  are 
more  highly  crystallized  than  io  tlie  former ;  some* 
times,  bnt  more  rarely,  they  are  less  crystallized, 
and,  in  some  instances,  an  ingredient  that  enters  in- 
to the  mass  seems  entirely  wanting  in  the  vein* 
These  varieties,  for  what  we  yet  know,  are  not  sub- 
ject to  any  general  rule  ;  but  they  have  been  held 
out  as  a  proofs  that  the  masses  and  the  veins  are  not 
of  the  same  formation.  It  may  be  answered,  that 
a  perfect  similarity  between  substances  that,  on 
every  hypothesis,  must  have  crystallized  in  very 
different  circumstances,  is  not  always  to  be  looked 
for  ;  but  the  most  direct  answer  is,  tliat  this  perfect 
similarity  docs  sometimes  occur,  insomucli  that,  in 
certain  instances,  no  difference  whatsoever  can  be 
discovered  between  the  mass  and  the  vein,  but  they 
consist  of  the  same  ingredients,  and  have  the  same 
degree  of  crysUllization.  Some  instances  of  this 
are  just  about  to  be  remarked, 

281,  A  strong  objection  to  the  supposed  origin 
of  granitic  veins  from  infiltration,  and  indeed  to 
their  formation  in  any  way  but  by  igneous  fusion, 
arises  from  the  number  of  fragments  of  schistus, 
often  contained,  and  completely  insulated  in  those 
veins.  IIow  these  fragments  were  introduced  into 
the  fissures  of  the  schistus,  and  sustained  till  they 
were  surrounded  by  the  matter  deposited  by  wateTi, 
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is  very  hard  to  be  conceived  ;  but  if  tliey  were  car- 
ried in  by  the  melted  granite,  uotliing  in  more 
easily  understood, 

The  following  are  some  of  the  places  where  the 
phenomena  of  granite  veins  may  be  distinctly  seen. 

282,  The  island  of  Arran,  remarkable  for  col- 
lecting into  a  very  small  cotnpass  a  great  number 
of  the  most  interesting  facts  of  geology,  exhibits 
many  instances  of  the  penetration  of  schistus  by 
veins  of  granite.  A  group  of  granite  mountains 
occupies  the  northern  extremity  of  the  island,  the 
highest  of  which,  Goatfield,  rises  nearly  to  the 
height  of  3000  feet,  and  on  the  south  side  is  co- 
vered with  schistus  to  the  height  of  1100.  From 
thence,  the  line  of  junction,  or  that  at  which  the 
granite  emerges  from  under  the  schistus,  winds,  so 
far  as  I  was  able  to  observe,  round  the  whole  group 
of  mountains,  with  many  waviugs  and  irregularities, 
rising  sometimes  to  a  greater,  and  descending  some- 
times to  a  much  lower  level,  than  that  just  men- 
tioned. Along  this  line,  particularly  on  the  south, 
wherever  the  rock  is  laid  bare,  and  cut  into  by  the 
ton^nts,  innumerable  veins  of  granite  are  to  be 
seen  entering  into  the  schistus,  growing  narrower 
as  they  advance  into  it ;  and  being  directed,  in 
very  many  cases,  from  below  upwards,  they  are 
precisely  of  the  kind  which  the  infiltration  of  wa- 
ter could  not  produce,  even  were  that  fluid  capable 
of  dissolving  the  substauces  which  the  vein  consists 
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oL  From  this  south  face  of  the  inoiintain,  and 
from  the  bed  of  a  torrent  that  intersects  it  very 
deeply,  Dr  Hutton  brought  a  block  of  schist  us,  of 
several  hundred  weight,  curiously  penetrated  by 
granite  veins,  including  in  them  many  insulai 
fragments  of  the  schistus. 

From  this  point,  the  common  section  of  the 
nite  and  schistus  descends  towards  the  west  side 
the  mountain,  and  is  visible  at  the  bottom  of  a  deep 
glen,  (Glen- Rosa,)  which  detaches  Goatfield  ^oofll 
the  hills  farther  to  the  west.     The  junction  is  laitf^ 
bare  at  several  places  in  the  bed  of  the  river  whicl^ 
runs  in  the  bottom  of  this  glen  ;  and  in  all  of  thevl 
exhibits,  in  a  greater  or  less  degree,  the  appear- 
ances of  disturbance  and  violence  which  have  ac- 
companied the  injection  of  the  granite  veins.  Many 
circumstances  render  this  spot  interesting  to  a  geo^ 
logisty  and,  among  others,  an  intersection  of  thU 
granite,  a  little  above  its  junction  with  the  schistus, 
by  a  dike  or  vein  of  very  compact  whinstone. 

The  same  line  of  junction  h  found  on  the  opf 
site,  or  north-east,  side  of  the  mountain,  where 
is  intersected  by  another  little  river,  the  Sanna 
which  on  this  side  determines  the  base  of  the  moun- 
tain.   This  junction  is  no  less  remarkable  than  the 
other  two. 

The  island  of  Arran  contains,  I  have  no  doubt 
many  other  spots  where  these  phenomena  are  to 
seen 


tug, 

iin- 
the 


but  I  have  had  no  opportunity  of  observiM 


tliem,  nor  do  I  find  that  Dr  Huttoii  met  with  any 
others  in  his  visit  to  this  island. 

283.  Another  series  of  granite  veins  is  found  m 
Galloway,  which  was  first  discovered  by  Dr  Hutton 
and  his  friend  Mr  Clerk,  and  afterwards  more  fully 
explored  by  Sir  James  Hall  and  Mr  Douglas,  the 
present  Earl  of  Selkirk.  The  two  last  traced  the 
line  of  separation  between  a  mass  of  granite  and  the 
8€htstU8  incurabent  upon  it,  all  round  a  tract  of 
country,  about  eleven  miles  by  seven,  extending 
from  the  banks  of  Loch  Ken  westward ;  and  in  all 
this  tract  they  found,  **  that  wherever  the  junction 
of  the  granite  with  the  schistus  was  visible,  veins  of 
the  former,  from  fifty  yards,  to  the  tenth  of  an  inch 
in  width,  were  to  be  seen  running  into  the  latter, 
and  pervading  it  in  all  directions,  so  as  to  put  it 
beyond  all  doubt,  that  the  granite  of  these  veins, 
and  consequently  of  the  great  body  itself,  which 
was  observed  to  fonn  with  the  veins  one  uninter- 
rupted mass,  must  have  flowed  in  a  soft  or  liquid 
state  into  its  present  position/*  *  I  have  only  far- 
ther to  add,  that  some  of  these  veins  are  remark- 
able for  containing  granite,  not  sensibly  different, 
in  any  respect,  from  the  mass  from  which  they  pro- 
ceed. 

284.  In  Inverness-shire,  between  Bemera  and 
Fort  Augustus,  the  same  phenomena  occur  on  the 
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wliich  intersects  the  micaceous  scliistus  of  this  tract 
in  various  directions^ 

287.  The  granite  veins  are  not  the  only  proof 
that  this  stone  is  more  recent  than  some  other  pro- 
ductions of  the  mineral  kingdom.     Specimens  of 
granite  are  often  founds  containing  round  nodules 
of  other  stones,  as,  for  example,  of  gneiss  or  mica- 
ceous schist  us.     Such  is  the  specimen  of  granrte 
containing  gneiss,  which  Werner  himself  is  said  to 
be  in  possession  of,  and  to  consider  as  a  proof,  that 
the  schistus  is  of  greater  antiquity  than  the  granite. 
Such  also  seemed  to  me  some  pieces  of  granite, 
which  I  met  with  in  Cornwall,  near  the  Land's 
End  ;  and  others  which  I  saw  in  Ayrshire,  in  loose 
blocks,  on  the  sea  coast  between  Ayr  and  Girvan. 
It  is  impossible  to  deny  that  the  containing  stone  is 
more  modem  than  the  contained.     The  Neptuniste 
indeed  admit  this  to  be  true,  but  allege,  that  all 
granite  is  not  of  the  same  formation  ;  and  that, 
though  some  granite  is  recent,  the  greater  part 
boasts  of  the  highest  antiquity  which  belongs  to  any 
thing  in   the  fossil   kingdom*     Tliis   distinction, 
however,  is  purely  hypothetical ;  it  is  a  fiction  con- 
trived on  purpose  to  reconcile  the  fact  here  men- 
tioned with  the  general  system  of  aqueous  deposi- 
tion,  and  has  no  support  from  any  other  phenome- 
pon, 
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2.  Granite  of  Portsoy, 


^8.  Tlie  granite  of  Portsoy  is  one  of  the  most 
Dgular  varieties  of  this  stone,  and  is  remarkable 

'  this  circumstance,  that  the  feldspar  is  the  sub- 

.nce  which  has  assumed  the  figure  of  its  proper 
ystal,  and  has  given  its  Ibrm  to  the  quartz,  so 

at  the  latter  is  impressed  both  with  the  acute  and 
ituse  angles  belonging  to  the  rhombic  figure  of 
former.     The  angular  pieces  of  quartz  thus 
ioulded  on  the  feldspar,  and  ranged  by  means  of 

in  rows,  give  to  this  stone  the  appearance  of  rude 
phabetica!  writing. 

Now,  Dr  Hutton  argued,  that  substances  pre- 
ipitated  from  a  solution,  and  crystallizing  at  li- 

rty,  cannot  be  supposed  to  impress  one  another 
the  manner  here  exeniplitied  j  and  that   they 

uld  do  so  only  when  the  whole  mabs  acquired  so- 
dity  at  the  same  time,  or  at  the  same  time  nearly.* 
luch  simultaneous  consolidation  can  be  produced 

1  no  way  that  we  know  of,  but  by  the  cooling  of  a 

\Bm  that  has  been  in  fusion. 

289.  A  granite,  brought  from  Daouria  by  M, 
^atrin,  and  described  by  him  in  the  Journal  de 
Physique  for  179 It  p-  295,   under  the  name  of 
€  graphiqu€i  seemed  to  Dr  Hutton  to  have 
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SO  gi'eat  a  resemblance  to  the  granite  of  Portsoji 
that  he  ventured  to  consider  them  both  as  the  same 
stone,  and  as  both  containing  quartz  moulded  on 
feldspar.  *     It  should  seem,  however,  from  fiiither 
explanations,  which  M.  Patrin  has  unce  ^ven,  dnt 
Dr  Hutton  was  mistaken  in  his  conjecture,  and 
that,  in  the  plerre  graphique  of  the  former  mine- 
ralogist, the  quartz  gives  its  form  to  the  feldsptr, 
preserving  in  its  crystals  their  natural  angle  of  180 
degrees.f     It  is  impossible,  I  think,  to  doubt  of  the« 
accuracy  of  this  statement ;  and  the  graphical  stone 
of  Portsoy  must  therefore  be  admitted  to  diflb*  ma* ' 
terially  from  that  of  Daouria.     They  are  not,  how- 
ever,  without  some  considerable  affinity,  bendei 
that  of  their  outward  appearance ;  for,  though  the 
quartz  in  the  former  is  generally  moulded  on  the 
feldspar,  the  feldspar  is  also  occasionally  impressed 
by  the  quartz,  and  sometimes  even  included  in  it 
They  may  be  considered  as  varieties  of  the  same 
species  of  granite ;  and  the  pierre  graphique  of 
Corsica  is  probably  a  third  variety,  difierent  fnm 
them  both. 

290.  It  would  seem,  however,  that  all  these 
stones  lead  exactly  to  the  same  conclusion.  M. 
Patrin  describes  his  specimen  as  containing  quarti 

•  Trans.  Royal  Society  Edin.  Vol.  III.  p.  83. 
f  Bibliotheque  Britannique,  (of  Geneva,)  1798,  Vol.  VII J. 
Sciences  et  Arts,  p.  78. 
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crystals,  tliat  are  for  the  most  part  only  cases^  hav- 
ing their  interior  filled  with  feldspar,  *'  Le  feld- 
apath  en  masse  contient  des  crystaux  quartzeux,  qui 
n'ont  le  plus  souvent  que  la  carcasse,  et  dont  Fin- 
terieur  est  rempli  de  feldspath  ;  souvent  il  manque 
i  CBS  carcasses  quelques  unes  de  leiirs  faces,  et  sou- 
lent  la  section  de  cette  pierre  dans  un  sens  trans- 
versal aux  crystaux,  presente  une  suite  de  figures 
<jui  sont  des  portions  d'hexagooes,  et  qui  ne  resem- 
Went  pas  mal  i  des  caractires  Hebraiques,"  * 

These  imperfect  hexagonal  cases  of  quaitz,  filled 
with  feldspar,  certainly  indicate  the  ciystallization 
of  substances,  which  all  assumed  their  solidity  at 
the  same  time,  and,  in  doing  so,  constmincd  the 

j  %ure8  of  one  another*  To  use  the  words  of  Dr 
Hutton,   **  whether  crystallizing  quartz  inclose  a 

I  body  of  feldspar,  or  concreting  feldspar  determine 
the  shape  of  fluid  quartz,  particularly  if  we  have,  as 
is  here  the  case,  two  solid  bodies  including  and  in- 
diided,  it  amounts  to  a  demonstration,  that  those 

f  1>odies  have  concreted  from  a  fluid  state  of  fusion, 
and  have  not  crystallized,  in  the  manner  of  salts, 
ftom  a  solution."  t 

291*  The  quaitz  in  granite  so  generally  receives 
the  impressionsof  all  the  other  substances,  particular- 
ly of  the  feldspar  and  scliorl,  and  appears  to  be  so 


•  Biblioth^que  Britaunuiue,  Ihid. 

^  '"  Ills.  Royal  Society  Ediiit  ubi  mprti^  p.  S4. 


passive  a  body,  that  it  has  been  doubted  by  some 
mineralogists,  whether  in  this  stone  it  ever  assumes 
its  own  figure,  except  w4iere  cavities  afford  room 
for  its  crystallization.     But  it  is  certain  that,  be- 
side the  Daourian  granite  just  mentioned,  there  are 
others,  in  which  the  quartz  is  completely  crystalliz- 
ed.    Of  this  sort  are  some  specimens,  found  in  a 
granite  vein  on  the  west  side  of  the  hill  of  St 
Agnes,  in  Cornwall.     The  vein  traverses  the  pri* 
mitive  schistus,  of  which  that  hill  consists,  from 
south  to  north  nearly :  the  stone  is  much  decom- 
posed, and  the  feldspar  in  general  is  almost  reduc- 
ed to  the  state  of  clay.     In  this  decomposed  mass, 
quartz  crystals   are    found,   having  the  shape  of 
double  hexagonal  pyramids,  perfectly  regular  and 
complete.     The  side  of  the  hexagon,  which  is  the 
base  of  the  two  opposite  pyramids,  varies  from  half 
a  tenth  to  a  tenth  of  an  inch  in  length,  and  is  tk 
same  with  the  altitude  of  each  of  the  pjTamids* 
In  some  few  specimens,  the  two  pyramids  do  mi 
rest  on  the  same  base,  but  are  separated  by  a  very 
short,  though  regular,  hexagonal  prism*     The 
faces  of  these  crystals  are  rough,  and  somewl 
opaque,  with  slender  spicula;  of  schorl  frequently 
traversing  them.     This  roughness  is  occasioned  bf 
slight  furrows  on  the  surface  of  the  crystal,  very  re- 
gularly disposed,  and  parallel  to  one  another,  being 
without  doubt  impressions  from  the  thin  plates 
the   feldspar,  which  surrounded  the 
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slightly  indented  it.  They  very  ranch  resemble 
some  impressions,  remarked  by  Dr  Hutton  in  the 
granite  of  Portsoy,  and  ascribed  by  him  also  to  a 
similar  cause.  He  has  represented  these  in  his 
Theory  of  the  Earth,  Vol  L  Plate  IL  fig,  4,  The 
action  and  reaction  of  two  crystallising  bodies, 
hardly  admits  of  a  stronger  and  more  unequivocal 
expression,  than  in  these  two  instances. 

Where  the  granite  was  little  decomposed,  the 
quartz  was  not  easily  disengaged  from  the  mass  it 
was  imbedded  in,  and  often  broke  in  pieces  before 
it  could  be  extricated.  The  crystallization  of  the 
quartz*  therefore,  would  not  have  been  discovered, 
but  for  the  decomposition  of  the  feldspar  j  and  it 
is  probable,  that  similar  crystallizations  exist  in 
inany  granites  where  they  are  not  perceived. 

292*  Some  mineralogists  are  inclined  to  think, 
that  the  regular  crystallization  of  quartz  is  to  be 
found  only  in  what  they  call  secondary  granites,  or 
in  those  that  are  of  a  formation  subsequent  to  the 
great  masses  which  constitute  the  granite  mouii- 
Bl  liii  I     It  is  indeed  true,  that  in  the  instances  given 
here,  both  from  Cornwall  and  Daouria,  the  granites 
containing  quartz  crystals  are  from  veins  that  inter- 
sect the  primary  scbistus,  and  are   therefore,   on 
every  hypothesis,  of  a  formation  subsequent  to  that 
^schistus.     But  it  does  not  follow  from  thence,  that 
B.they  are  less  ancient  than  the  great  masses  of  un- 
B^tratiiied  granite  ;  with  these  last  they  are  most  pro- 


I 


bably  coeval,  nor  can  there  be  any  reason  for  think- 
ing the  crystallization  of  quartz  a  mark  of  more  re- 
cent formation  than  that  of  feldspar* 


3.  Stratification  of  Granite. 


I 


293.  UTiat  are  the  various  modes  in  which  gra- 
nite exists,  is  a  qnestion  not  absolutely  decided 
among  mineralogists.  1,  That  it  exists  as  a  schis- 
tose stone  of  a  fissile  texture,  in  gneiss  and  reined 
granitey  is  on  all  hands  admitted,  though  in  thi 
state  the  name  of  granite  is  generally  withheld  from 
it.  2.  That  it  exists  often  without  any  indication 
of  a  fissile  texture,  and  altogether  unstratified,  is 
likewise  acknowledged.  3.  That  it  is  found  in 
veins,  intersecting  the  strata,  has  been  shown  above. 
The  only  mode  of  its  existence  subject  to  dispute, 
is  that  in  which  it  is  said  to  be  stratified  in  its  out- 
ward configuration,  but  not  schistose  in  its  texture. 
On  this  point  mineralogists  do  not  perfectly  agree : 
Dr  Hutton  did  not  think  that  this  was  a  state  in 
which  granite  ever  appears.  When  not  schistose 
in  its  structure,  he  supposed  it  to  be  unstratified  al- 
together ;  and  he  considered  it  as  a  body  which, 
like  whinKtone,  was  originally  in  a  state  of  igneous 
fusion,  and,  in  that  condition,  injected  among  the 
strata.  The  school  of  Werner,  on  the  other  handi 
maintain,  that  granite,  if  not  always,  is  generally 
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Stratified)  and  disposed  in  beds,  sometimes  horizon* 
tal»  though  more  frequently  veitical,  or  highly  in- 
clined. 

In  forming  an  opinion  where  there  are  great  au- 
thorities on  opposite  sides,  a  man  must  trust  chief- 
ly to  his  own  observations,  and  ought  to  esteem 
himself  fortunate  if  these  lead  to  any  certain  con- 
dusion.  Mine  incline  me  to  diiier  from  Dr  Hut- 
I  ton,  on  the  one  hand,  and  from  the  Neptunists,  on 
the  other,  as  they  convince  me,  that  granite  does 
form  strata  where  it  has  no  character  of  gneiss  j 
and,  at  the  same  time,  induce  me  to  suspect,  that 
the  stratification  ascribed  by  the  Neptunists  to  the 
granite  mountains,  is,  in  many  instances,  either  an 
illusioiit  or  at  least  something  very  different  from 
what,  in  other  stones,  is  accounted  stratification* 

^94-  The  first  example  I  ever  saw  of  granite  that 
was  stratified,  and  yet  had  no  character  of  gneiss» 
was  at  Chorley  Forest,  in  Leicestershire.  The 
greater  part  of  that  forest  has  for  its  base  a  horn* 
itoue  schistus,  primary  and  vertical ;  and,  on  its 
eastern  border,  particularly  near  Mount  Sorrel,  are 
bed^  of  granite,  holding  the  same  direction  with 
those  of  the  schistus.  The  stone  is  a  real  granite  j 
it  has  nothing  in  its  internal  structure  of  a  schistose 
tr  fissile  appearance  ;  and  its  beds,  which  it  is  ma- 
terial to  remark,  are  no  thicker  than  those  of  the 
Wrnstone  strata  in  the  neighbourhood.  This  gra- 
nite is  reniarkabl^^  top}  for  being  close  to  the  se- 
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condary  sandstone  strata  ;  I  did  uot  see  thd 
tact,  but  traced  them  within  a  small  distance^ 
another  ;  so  that  I  think  it  is  not  likely  th 
body  of  rock  intervenes.  At  the  same  time' 
atate  my  belief  of  this  rock  of  granite  being  ii 
lar  strata^  I  must  acknowledge,  that  a  very  i 
gent  mineralogist,  who  viewed  these  rocks  ( 
same  time,  and  whose  eye  was  well  practised  1 
logical  observation,  remained  in  doubt  confl 
them,  i| 

295.  Another  instance  of  a  real  granite^  •> 
ed  in  reguhir  beds,  but  without  any  charal 
gneiss,  is  one  which  I  saw  in  Berwickshire,  il 
mermuir,  near  the  village  of  Priestlaw.  T^ 
river  of  Fassnet  cuts  the  beds  across,  and  re^ 
easy  to  observe  their  structure.  Tlie  beds  j 
very  thick  ;  they  run  from  about  S.S. W,  to  1 
like  the  schistus  on  either  side  of  them.  I 
com  puny  with  Sir  James  Hall  when  I  sai^ 
rocks  ;  we  examined  them  with  a  good  deal 
tention^  and  traced  them  for  more  than  a  1 
the  bed  of  the  river  ;  and,  if  I  mistake  not,  0 
nions  concerning  them  were  precisely  the  8^ 

296.  What  exists  in  two  instances  may  < 
many,  and,  alter  these  observations,  I  shd 
guilty  of  great  inconsistency,  in  refusing  ta 
to  the  accounts  of  Pallas,  Deluc,  iSaussul 
many  other  niineralogists,  who  so  often  rej 
granite  as  formed  into  strata.    In  some  caj 


p.  It  IS  certain,  that  the  stratification  they  de- 
scribe is  extremely  unlike  that  in  the  two  instances 
just  mentioned^  and  indeed  very  unlike  any  thing 
that  is  elsewhere  knovm  by  the  name  of  stratifica- 
tion. For  example,  the  stratification  must  be  very 
ambiguous,  and  very  obscurely  marked,  that  was 
not  discovered  till  after  a  series  of  observations, 
continued  for  more  than  twenty  years,  by  a  very 
skilful  and  distinguishing  mineralogist.  Yet  such 
undoubtedly  is  the  stratification  of  Mont  Blanc,  and 
of  the  granite  mountains  in  its  neighbourhood,  as  it 
escaped  the  eyes  of  Saussure,  in  the  repeated  visits 
which  he  made  to  them,  during  a  period  of  no  less 
extent  than  has  just  been  mentioned*  It  was  not 
till  near  the  conclusion  of  those  labours,  to  which 
the  geologists  of  every  age  will  consider  themselves 
as  highly  indebted,  that,  having  reached  the  summit 
of  Mont  Blanc,  he  perceived,  or  thought  that  he  per- 
ceived, the  stratification  of  the  granite  mountains* 
The  Aiguilles  or  Needles  which  border  the  valley 
of  Charaouni,  and  even  Mont  Blanc  itself,  appear- 
ed to  be  formed  of  vast  tabular  masses  of  granite, 
in  position  nearly  vertical,  and  so  exactly  parallel, 
that  he  did  not  hesitate  to  call  them  by  the  name  of 
strata.  Till  this  moment,  these  same  mountains, 
viewed  from  a  lower  point,  had  been  regarded  by 
him  as  composed  of  great  plates  of  rock,  nearly 
vertical  indeed,  but  applied,  as  it  were,  round  an 
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axis,  and  resembling  the  leaves  of  an  artichoke  ; ' 
and  the  fissures  by  which  they  are  separated  from 
one  another,  had  been  considered  as  effects  of  waste 
and  degradation*  *'  But  now/'  (says  he,  speaking 
of  the  view  from  the  top  of  Mont  Blanc,)  **  I  was 
fully  convinced,  that  these  mountains  are  entirely 
composed  of  vast  plates  of  granite,  perpendicular  to 
the  horizon,  and  directed  froniN^E,  to  S.  W,  Three 
of  these  plates,  separated  from  each  other,  formed 
the  top  of  the  Aiguille  du  Midi,  and  other  similar 
plates,  decreasing  gradually  in  height,  compose  its 
declivity  to  the  south/*  t 

297-  Saussure  was  so  strongly  impressed  wit 
the  appearances  of  what  he  accounted  regular  sti 
titication,  such  as  water  only  can  produce,  and  such 
as  must  have  been  in  the  beginning  horizontal,  tha|^| 
placed  as  he  now  was,  on  one  of  the  highest  points 
of  the  earth's  surface,  he  formed  the  bold  concep- 
tion,  that  the  summit  on  which  he  was  standing  had 
been  once  buried  under  the  surface,  to  the  depth  at 
least  of  half  the  diameter  of  the  mountain,  and  he 
rizontally  distant  from  its  present  place  by  a  line  nc 
less  than  the  whole  height  of  the  mountain  ;  th| 
granite  beds  which  compose  that  mountain,  havii 
been  mised  by  some  enormous  power  from  their  he 
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rizontal  positioOt  and  turned  as  on  an  axis«  till 
they  were  brought  into  the  vertical  plane*  In  this 
notion,  which  suits  so  well  with  the  nature  of  moun- 
tains really  composed  of  vertical  strata,  and  which 
does  credit  to  the  extent  of  Saussure's  views,  it  is 
wonderful  that  he  did  not  see  the  overthrow  of  the 
geological  system  he  had  adopted,  which  is  provid- 
ed with  no  means  whatsoever  of  explaining  these 
great  effects. 

Such,  then,  were  the  ideas  suggested  to  Saussure, 
by  viewing  the  mountains  of  the  Alps  from  the 
highest  of  their  summits.  His  great  experience, 
his  accurate  knowledge  of  the  objects  before  him, 
and  the  power  he  had  acquired  of  dissipating  those 
illusions,  to  which*  in  viewing  mountainous  tracts, 
the  eye  is  peculiarly  subject,  all  conspire  to  give 
great  weight  to  his  opinion.  Yet,  as  this  opinion 
is  opposed  by  that  which  he  himself  had  so  long 
entertained,  before  it  can  be  received  with  perfect 
confidence,  it  will  require  to  be  verified  by  new  ob-. 
ten  ations.  It  seems  certain,  that  the  beds  of  rock 
here  described,  differ  from  all  ordinary  strata,  both 
horizontal  and  vertical,  in  the  circumstance  of  their 
vast  thickness,  three  of  them  being  so  large  as  to 
form  the  main  body  of  a  mountain.  Their  paral- 
lelism cannot  easily  be  ascertained  ;  and  they  have 
at  best  but  a  very  slight  resemblance  to  such  beds 
as  water  is  known  to  produce. 

298.  Their  parallehsm  is  difficult  to  be  ascer- 
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Uiined  J  for,  on  account  of  the  magnitude  and  in- 
accessibility of  the  objects,  it  is  impossible  to  place 
the  eye  in  any  situation,  where  it  shall  not  be  niuch 
nearer  to  one  part  of  the  planes  whereof  the  paral- 
lelism is  to  be  estimated*  than  to  another.  Indeed, 
one  can  perceive  a  cause  which  may  have  rendered 
the  parallelism  of  the  plates  of  granite  which  com- 
pose the  aiguilles^  more  accurate  in  appearance 
than  in  reality,  when  viewed  from  a  point  so  ele- 
vated as  the  summit  of  Mont  Blanc.  For,  even 
on  the  supposition  that  the  comparison  of  those 
plates  to  leaves  of  artichokes  was  just,  and  that  the 
planes  of  their  separation  converged  toward  one 
another,  in  ascending  to  the  top,  when  they  were 
viewed  from  a  point  more  elevated  than  that  top, 
this  convergency  would  be  diminished,  and,  by  the 
force  of  the  perspective,  might  even  be  converted 
into  parallelism.  We  cannot  at  present  ascertain 
what  effect  this  cause  of  deception  may  have  acta* 
ally  produced* 

299-  The  observ^ations  of  Sanssure'concemii 
the  stratification  of  granite,  are  not,  however, 
all  instances,  liable  to  these  objections  ;  and  il 
seems  to  be  on  much  less  exceptionable  grounc 
that  he  pronounces  the  granite  of  St  Gothard 
be  stratified.  The  gneiss  and  micaceous  schistii 
which  constitute  the  lower  part  of  that  mountain^ 
are  succeeded  by  a  granite  without  any  schistos 
appearance,  but  divided  into  large  plates,  exactly^ 


parallel  to  the  beds  of  the  fonner  gneiss.  These 
he  regards  as  real  strata.  On  studying  them  In 
detail,  he  says,  considerable  irregularities  were  to 
be  observed,  but  not  greater  than  in  the  case  of 
limestone  or  micaceous  schistus.  *  It  may  be  in^ 
ferred  from  this,  that  these  plates  of  granite  are  not 
so  thick  but  that  they  admit  of  comparison  with 
beds  that  are  known  with  certainty  to  be  of  aque- 
ous formation,  and  I  am  therefore  disposed  to  be- 
lieve, that  the  gmnite  of  St  Gothard,  in  this  part 
at  least>  is  stratified.  The  transition  from  gneiss 
to  granite  en  masses  is  not  uncommon,  as  Saussure 
has  observed  in  other  instances,  and  as  we  are  just 
about  to  consider  more  particularly, 

SOO.  In  the  mountains  of  our  own  country, 
some  difficulties  concerning  the  stratification  of 
granite  have  also  occurred.  In  Arran,  for  in- 
stance, the  mountain  of  Goatfield,  which  I  have 
mentioned  above  as  affording  an  instance  of  gra- 
nite sending  out  many  veins  into  the  schistus,  and 
rivetted,  as  it  were,  by  means  of  them  to  the  su- 
perincumbent rock,  when  I  visited  it,  with  a  view 
of  verifying  on  the  spot  the  interesting  observa- 
tions which  Dr  Hutton  had  there  made,  appeared 
to  me  to  be  without  any  vestige  of  stratification  in 
its  granitic  part,  as  did  also  the  whole  group  of 
mountains  to  which  it  belongs.     It  was,  thereforei 
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not  witliout  a  good  deal  of  Burprise^  thit  I  lately 
read,  in  an  account  of  that  island,  by  a  very  accu* 
rate  and  ingenious  mineralogist,  that  Goatfield  con- 
sists of  stratified  granite.  *     The  impression  whicl 
the  appearance  of  that  mountain  made  on  my  mine 
is  just  the  reverse  ;  and  though  I  saw  large  tabi 
lar  masses,  sometimes  nearly  vertical,  separated  bj 
fissures^  they  appeared  to  be  much  too  irregular^ 
too  little  extended  in  length  and  height,  and  va 
iy  too  much  in  thickness,  to  be  reckoned  the  ef 
of  stratification*  For  all  tliis,  I  would  by  no  meani 
be  understood  to  set  my  observations  in  oppositioa] 
to  those  of  Mr  Jameson*     In  my  visit  to  A  nan,  IJ 
did  not   direct  my  inquiries  much   toward   thii 
point  J  the  general   appearance  of  the  rocks  did] 
not  suggest  the  necessity  of  doing  so,  and  1  w 
not  perfectly  aware  how  much  the  stratification 
granite  had  been  insisted  on  by  some  mineralogists  j  I 
so  that  I  applied  myself  entirely  to  study  some) 
other  of  the  interesting  phenomena  which  this  lit- 
tle island  offers  in  so  great  abundance,     I  there- 
fore carry  my  confidence  in  the  appearances  which 
seemed  to  indicate  a  want  of  stratification  in  the 
granite  of  Arran  no  further  than  to  remain  scepti- 
cal both  as  to  Mr  Jameson's  conclusions  and  my 
own,  till  an  opportunity  shall  occur  of  veri^ing 
the  one  or  the  other  by  actual  observation* 
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801,  The  stratification  of  granite,  though  it 
made  no  part  of  Dr  Hutton*s  system,  does  by  no 
meina  embarrass  his  theory  with  any  new  difficd- 
ty.  Rocks,  of  which  the  parts  are  highly  crystal*- 
lized,  are  ah'eady  admitted  as  belonging  to  the  stra- 
ta, and  are  exemplified  in  marble,  gneiss,  and  vein- 
ed granite-  In  the  two  last,  we  have  not  only 
stratification,  but  a  schistose,  united  with  a  ciystal- 
lized  structure,  and  the  effects  of  deposition  by  wa- 
ter, and  of  fluidity  by  fire,  are  certainly  no  where 
more  singularly  combined.  The  stratification  of 
these  substances  is  therefore  more  extraordinary 
than  even  that  of  the  most  highly  crystallized  gra- 
nite. Neither  the  one  nor  the  other  can  be  ex- 
plained but  by  supposing,  that  while  such  a  degree 
of  fluidity  was  produced  by  heat,  as  enabled  the 
body  when  it  cooled  to  ciystailize,  the  whole 
mass  was  kept  in  its  place  by  great  pressure  acting 
on  all  sides,  so  that  the  shape  was  preserved  as  ori- 
ginally given  to  it  by  the  sea.  As  we  cannot,  howw 
ever,  suppose,  that  the  intensity  of  the  heat,  or  the 
fusibility  of  the  substance  through  all  the  parts  of 
a  stratum,  were  precisely  the  same,  we  may  expect 
to  find  in  the  same  stratum,  or  in  the  same  body  of 
strata,  that  in  some  parts  the  marks  of  stratification 
are  completely  obliterated,  while  in  others  they  re- 
main entire.  It  is  thus  that  teined  gratute^  or 
what  I  think  should  be  called  granitic  schistus^ 
often  graduates  into  granite  m  inass^  that  is,  gra- 
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nite  without  any  schistose  or  fissile  texture,  Saus- 
gure  says,  that  to  be  veined  or  not  veined,  is  an  af- 
fection of  granite,  that  seems,  in  many  cases,  acci- 
dental ;  ♦  as,  in  the  midst  of  rocks  of  that  sub- 
stance, most  clearly  fissile,  large  portions  appear 
without  any  vestige  of  stratification.  Of  this  phe- 
nomenon, which  is  frequent  in  the  Alps,  instances 
are  also  to  be  met  with  in  the  granite  rocks  of 
Scotland,  and  the  adjacent  isles  ;  and  I  know  that 
Dr  Hope,  in  a  mineralogical  excursion  which  he 
lately  made  among  the  Hebrides,  observed  many 
interesting  and  curious  examples  of  it*  Indeed, 
when  rocks  were  so  much  fused  as  to  crystallize, 
and  so  compressed,  at  the  same  time,  as  to  remain 
stratified,  they  were  evidently  on  the  verge  of 
change ;  two  opposite  forces  were  very  nearly  ba- 
lanced, and  each  cairied  as  far  as  it  could  go  with* 
out  entu-ely  overcoming  the  other  ;  so  that  a  small 
alteration  In  the  conditions  may  Iiave  made  a  great 
alteration  in  the  effects.  Hence  a  sudden  transi- 
tion from  a  stratified  to  an  unstratified  texture, 
which  is  only  found  in  rocks  highly  crystallized, 
and  such  as  have  endured  the  most  violent  action 
of  the  mineralizing  powers, 

302.  Now,  though  the  stratification  of  granite, 
or  the  mixture  of  the  stratified  with  the  unstrati- 
fied rocks  of  that  genus,  is  not  only  reconcileable 
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(with  the  principles  of  the  Huttonian  geology,  but 
might  even  have  been  deduced  as  a  corollary  from 
those  principlest  before  it  was  actually  observed,  it 
may  be  considered  as  inconsistent  with  the  theory 
af  granitic  veins  that  has  just  been  given,     A  stra- 
tinn,  though  soft  or  tiu id,  could  not  invade  the  sur- 
rounding strata  with  violence^  nor  send  out  veins 
ta  penetrate  into  them.     It   might,   if  strongly 
compressed  by  another  stratum  less  fluid  than  it- 
self, fill  up  any  fissures  or  cracks  that  were  in  that 
other,   but  this  would  hardly  produce  such  large 
veins,  and  of  such  considerable  length,  as  often 
penetrate  from  the  granite  into  the  schistus,  nor 
ft'  could  it  give  rise  to  any  appearance  of  disturbance. 
m  If,  therefore,  veins  were  found  proceeding  from 
m  such  stratified  granite  as  that  of  Chorley  Forest  or 
*  Xamniermuir,  I  should  think,  that  the  explana- 
tion of  them  was  still  a  de&ida^atmn  in  geology. 
The  Neptunian  theory  of  infiltration  would  indeed 
lie  as  applicable  to  them  as  to  any  other  veins  ;  for 
it  is  but  little  affected  by  the  condition  of  the  phe- 
iiomena  to  be  explained.     Indeed,  it  is  very  diffi- 
cult to  set  any  limits  to  the  explanations  which  this 
theory  affords;   and  it  would  certainly  puzzle  a 
Neptunist,  to  assign  any  good  reason  why  infiltra- 
tion has  not  produced  veins  of  one  scliistus  running 
into  another,  or  veins  of  schistus  running  into  gra- 
nite, as  well  as  of  granite  running  into.schii*tu«.. 

VOL.  I*  Y 
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He  will  find  it  a  hard  task  to  restrain  the  activity 
of  his  theory,  and  to  confine  its  expluiations  to 
those  things  that  really  exist.  *tamm 

SOS.  As  the  Huttonian  system  cannot  boast  of 
theories  of  ecjiial  versatility,  it  would  be  not  a  little 
embarrasseti  to  account  for  veins  of  great  magni^ 
tude  proceeding  from  a  rock  distinctly  stratified^ 
and  accompanied  with  marks  of  having  disturbed 
the  rocks  through  which  they  pass.  I  am,  how- 
ever, inclined  to  believe,  that  this  embarrassment 
will  never  occur;  and  that  the  granite  veins  do 
not  proceed  from  the  rocks  that  are  really  strati* 
fied,  but  from  such  as  have  never  been  deposited 
by  water,  and  where  the  appearances  of  stratifica- 
tion, if  there  are  any,  are  altogether  illusory.  This 
anticipation,  however,  requires  to  be  verified  by 
future  observation  ;  and  it  remains  to  be  seen, 
whether  granitic  veins  ever  accompany  real  granitic 
strata,  or  are  peculiar  to  those  in  which  the  ap- 
pearances of  regular  beds  are  either  ambiguous,  or 
are  entirely  wanting.  The  decision  of  this  ques- 
tion is  an  object  highly  worthy  of  the  attention  of 
geologists. 

S04,  An  argumenti  directed  at  once  against  the 
igneous  origin  and  unstratified  nature  of  all  gra* 
nite,  is  given  in  a  work  already  mentioned.  •*  If 
granite  had  flowed  from  below,  how  does  it  happen, 
thatf  after  it  had  burst  through  the  strata  of  mica* 
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ceous  schistiiSy  &c.  it  did  not  overllow  the  neigh* 
bouring  country?  If  this  hypothesis  were  true, 
Mont  Blanc  could  never  have  existed*'*  *  • 

A  theory  is  never  more  unfairly  dealt  v^rith,  than 
when  those  parts  are  separated  which  were  meant 
to  support  one  another,  and  each  left  to  stand  or 
fall  by  itself.     This^  however,  is  precisely  what  is 
done  in  the  present  instance ;  lor  Dr  Mutton's 
theory  of  granite  would  not  deserve  a  moment's 
consideration,  i£  it  were  so  inartificially  construct- 
ed, as  to  suppose  that  granite  was  originally  fluid, 
and  yet  to  point  out  no  means  of  hindering  this 
fluid  from  diffusing  itself  over  the  strata,  and  set- 
tling in  a  horizontal  plane.     The  truth  is,  that  his 
theory,  at  the  same  time  that  it  conceives  this  stone 
ta  have  been  in  fusion,  supposes  it  to  have  been, 
in  that  state,  injected  among  the  strata  already  con- 
solidated ;  to  have  heaved  them  up,  and  to  have 
been  formed  in  the  concavity  so  produced,  as  in  a 
mould.    Thus  Mont  Blanc,  supposing  that  it  is  nn- 
stratified,  is  understood  to  consist  of  a  mass  that  was 
tnelled  by  subterraneous  heat  under  the  strata,  and 
being  impelled  upwards  by  a  force,  that  may  stand 
m  some  comparison  with  that  which  projected  the 
planets  in  their  orbits,  heaved  up  the  strata  by 
which  it  was  covered,  and  in  which  it  remained  in- 
cluded on  all  sides.  . 

,  •  Mineralogy  of  the  Scottish  Isles,  Voh  II.  p*  166* 
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305<  The  covering  of  strata,  thus  raised  Uf 
have  been  burst  asunder  at  the  sumrait,  where  the 
curvature  and  elevation  were  the  greatest ;  but  the 
melted  mass  underneath  may  have  already  acquired 
soHdity«  or  may  have  been  sustained  by  the  beds 
of  schistiis  incumbent  on  its  sides.  This  schistus, 
forming  the  exterior  crust,  was  immediately  acted 
on  by  the  causes  of  w^aste  and  decomposition,  which 
have  long  since  stripped  the  granite  of  a  great  part 
of  its  covering,  and  are  now  exercising  their  power 
on  the  central  mass.  That  even  Mont  Blanc  it- 
self, as  well  as  other  iinstratified  mountains,  was 
once  covered  with  schistus,  will  appear  to  have  in 
it  nothing  incongnious,  when  we  consider  the  height 
to  which  the  schistus  still  rises  on  its  sides,  or  in 
the  adjacent  mountains  ;  and  when  we  reflect,  that* 
from  the  appearances  of  waste  and  degradation 
which  these  mouutains  exhibit,  it  is  certain,  that 
the  schistus  must  have  reached  much  higher  than 
it  does  at  present - 

It  is  obvious,  therefore,  that  when  the  corre- 
sponding parts  are  brought  together,  and  placed  In 
their  natural  order,  no  room  is  left  for  the  re- 
proach, that  this  system  is  inconsistent  with  the 
existence  of  granite  mountains*  I  have  no  plea* 
sure  in  controversial  writing  j  and,  notwithstand- 
ing the  advantages  which  a  weak  attack  always 
gives  to  a  defender,  I  cannot  but  regret,  that  Dr 
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Hutton's   adversaries    have  been  so  much  iiiore 
eager  to  refute  than  to  understand  his  theory. 


S06.  A  remark  which  Dr  Hutton  has  made  on 
the  quantity  of  granite  that  appears  at  the  surface, 
i:ompai-ed  with  that  of  other  mineral  bodies,  has 
been  warmly  contested.  Having  affirmed,  that 
the  greater  part  of  rocks  bear  marks  of  being  form- 
ed from  the  waste  and  decomposition  of  other 
rocks,  he  alleges  that  granite,  (a  stone  which  does 
not  contain  such  marks)  does  not,  for  as  much  as 
appears  from  actual  observation,  make  up  a  tenth. 
Dor  perhaps  even  a  hundredth  part  of  the  mineral 
kmgdom.  *  Mr  Kirwan  contends,  that  this  is  a 
lery  erroneous  estimate,  and  that  the  quantity  of 
granite  visible  on  the  surface,  far  exceeds  what  is 
here  supposed,  t  The  question  is  certainly  of  no 
material  importance  to  the  establishment  of  Dr 
Hutton's  theory  :  it  is  evident,  too,  that  an  esti- 
mation, which  varies  so  much  as  from  a  tenth  to  a 
hundredth  part,  cannot  have  been  meant  as  any 
thing  precise  ;  yet  it  may  not  be  quite  superfluous 
to  show,  that  the  truth  probably  lies  nearer  to  the 
least  than  the  greatest  of  the  limits  just  mentioned. 
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It  remains  to  form  a  rough  estimate  irom  mi^ 
and  from  the  accounts  of  travellers,  of  what  propor- 
tion of  the  earth's  surface  consists  of  primary,  and 
what  of  secondary  rocks.  After  supplying  the 
want  of  accurate  measurement  by  what  appeared  to 
me  the  most  probable  suppositions^  I  have  found, 
that  about  j^  of  the  surface  of  the  old  continent 
may  be  conceived  to  be  occupied  by  prioEiitive  moun- 
tains ;  of  which,  if  we  take  one-fifth,  we  have  ^  6x 
the  part  of  the  surface  occupied  by  graiiite  rocki, 
which  differs  not  greatly  from  the  least  of  the  two 
limits  assigned  by  Dr  Hutton.      ^ 

312.  In  estimating  the  granite  of  Scotland,  Dr 
Hutton  has  certainly  erred  considerably  in  defect,  * 
and  Mr  Kirwan,  who  always  differs  from  him,  is 
ivA^nearest  the  truth  ;  though  he  is  right  purely 
by  accident,  as  the  information  on  which  he  pro- 
ceeds is  vague  and  erroneous. 

The  places  in  Scotland  where  granite  is  found, 
are  very  well  known  ;  but  the  extent  of  some  of 
the  most  considerable  of  them  is  not  accun^ly  as- 
certained.    In  the  southern  parts,  except  the  gni- 

*  Dr  Hutton  in  this  case  no  doubt  made  a  Terj  loc»e 
estimate.  He  says^  the  granite  does  not  perhaps  occupy 
more  than  a  500dth  part  of  the  whole  surface.  The  whole 
surface  of  Scotland  is  not  much  more  than  23^000  geogra- 
phical miles^  the  500dth  part  of  which  is  exactly  46 ;  and 
this  is  exceeded  by  the  granite  in  Kirkcudbrightshhv  tlooe, 
as  may  be  gathered  from  what  is  said  f  283. 


nite  of  Galloway,  which  is  found  in  two  pretty 
large  insulated  tracts,  there  is  no  other  of  any  mag- 
nilude*  The  granite  of  the  north  extends  over  a 
large  district*  If  we  suppose  a  line  to  be  drawn, 
from  a  few  miles  south  of  Aberdeen  to  a  few  mDes 
south  of  Fort  William,  it  will  mark  out  the  central 
chain  of  the  Grampians  in  its  full  extent,  passing 
over  the  most  elevated  ground,  and  by  the  heads  of 
the  largest  rivers,  in  Scotland,  Along  this  line 
there  are  many  granite  mountains,  and  large  tracts 
in  which  granite  is  the  prevailing  rock.  There  are, 
however,  large  spaces  also  in  which  no  granite  ap- 
pears, though,  if  we  were  permitted  to  speak  theo- 
retically, and  if  the  question  did  not  entirely  relate 
to  a  matter  of  observation,  we  might  suppose,  that, 
in  no  part  of  this  central  ridge  is  the  granite,  far 
from  the  surface,  notwithstanding  that  in  some 
places  it  may  be  covered  by  the  schistus, 

313,  A  great  part  of  the  Grampian  mountains 
is  on  the  south  side  of  the  line  just  mentioned^  but 
hardly  any  granite  is  found  in  this  division  of  them, 
except  such  veins  as  those  of  Glentilt.  On  the 
north  side  of  the  line,  the  granite  extends  in  vaii- 
ous  directions  ;  and,  if  from  Fort  William  a  line  is 
drawn  to  Inverness,  the  quadrilateral  figure,  bound- 
ed on  two  sides  by  these  lines,  and  on  the  other  two 
by  the  sea,  will  be  found  to  contain  much  granite, 
and  many  districts  consisting  entirely  of  that  stone. 

This  is  in  fact  the  great  granite  country  of  Scot- 
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bnd :  it  is  a  large  tract,  contaiiiiiig  about  SI70 
square  geographical  miles,  or  about  a  seventh  part  of 
the  whole :  but  the  proportion  of  it  occupied  hj 
granite  cannot  at  present  be  ascertained  with  any 
exactness,  nor  will,  till  some  mineralogist  shall  find 
leisure  to  examine  the  a>urses  of  the  great  nwn, 
the  Dee,  the  Spey,  &c.  which  traverse  this  country* 
If  we  call  it  one*fourth  of  the  whole  surface^  its  ez< 
tent  is  certainly  not  underrated,  and  will  amount  to 
790  square  miles  nearly  ;  to  which  adding  150^  as 
a  very  full  allowance  for  all  the  other  granite  con- 
tained in  Scotland,  exclusive  of  the  isles,  we  shall 
have  940  square  miles,  between  a  twenty-fourth 
and  twenty-fifth  part  of  the  surface  of  the  whole. 

This  computation,  it  must  be  observed,  aims  at 
nothing  precise,  but  I  think  it  is  such,  that  a  more 
accurate  survey  would  rather  diminish  than  in* 
crease  the  proportion  assigned  in  it  to  the  granite 
rock. 

SI 4.  This  result  may  perhaps  fall  as  much  short 
of  Mr  Kirwan's  notion,  as  it  exceeds  the  estimate 
made  by  Dr  Hutton.  If  it  shall  not,  and  if  the 
former  has,  in  this  instance,  come  nearest  the  truth, 
it  cannot  be  ascribed  to  the  accuracy  of  his  inform* 
ation,  or  the  soundness  of  the  principles  which  di^ 
rected  his  research.  Mr  Williams,  whom  he  quotes^ 
was  a  miner,  of  great  skill  and  experience  in  some 
branches  of  his  profession,  to  which,  if  he  had  con- 
fined himself,  he  might  have  written  a  book  full  of 
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useful  information.  What  he  says  on  the  subject 
of  gmnite,  is,  in  the  main  I  believe  just  j  but  it  is 
far  too  general  to  authorize  the  conclusion  which 
Mr  Kirwan  derives  from  it.  Dr  Ash,  for  whose 
judgment  I  have  great  respect,  cannot,  I  think, 
have  meant,  when  he  used  the  expression  granitic 
rocks,  to  describe  granite  strictly  so  called.  He 
says,  in  the  passage  quoted  by  Mr  Kirwan,  that 
"  from  Galloway,  Dumfries,  and  Berwick,  there  is 
a  chain  of  mountains,  commonly  schistose,  but 
often  also  granitic.'*  Now,  the  fact  is,  that  the 
great  belt  of  primary  rock,  here  alluded  to,  which 
tra%'ers€s  the  south  of  Scotland,  consists  of  vertical 
schistus  of  various  kinds ;  but  except  in  Galloway, 
and  again  in  Lammermuir,  near  Priestlaw,  it  ap» 
pears,  as  already  mentioned,  to  contain  no  granite 
whatsoever.  If  the  German  mineralogist  quoted 
by  Mr  Kirwan,  when  he  says  that  the  Grampian 
mountains  consist  of  micaceous  limestone,  gneiss, 
porphyry,  argil  lite,  and  granite,  alternating  with 
one  another,  means  only  to  affirm  that  all  these 
stones  are  found  in  the  Grampians,  he  is  certainly 
in  the  right,  and  the  catalogue  might  easily  be  en- 
larged ;  but,  if  he  either  means  to  say,  that  these 
are  nearly  in  equal  abundance,  or  that  the  granite 
is  commonly  found  in  strata  alternating  with  other 
strata,  I  must  say,  that  these  are  propositions  quite 
contrary  to  any  thing  1  have  ever  seen  or  heard  of 
these  mountaius.     But  it  is  probable  that  this  ii 
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not  meant,  and  that  the  fiinh  lies  in  nndentrtndrag 
the  exprenions  much  too  literally.  Mr  Kirwan 
aoewes  Dr  Button  of  not  knowing  where  to  look 
fisMT  the  gnnite ;  not  awane  of  how  nmdi,  notwith^ 
standing  any  error  committed  in  the  preaent  e>ti- 
matOt  he  was  skilled  in  the  art  of  minerslogical  ob- 
servation ;  an  arty  which  those  who  have  not  ptae- 
tised  do  not  always  know  how  to  i^redate.  Butt 
however  imperfect  Mr  Kirwan's  knowledge  of  this 
subject  has  been,  he  has  here  had  the  good  fortune 
to  correct  a  mineralogist  of  very  superior  inibmuu 
tisau  The  mere  disposition  to  €fppose  is  not  al- 
ways without  its  use :  no  man  is  in  every  thing  free 
from  error,  and,  to  controvert  indiscriminately  aU 
the  opinions  of  any  individual,  is  an  infidliUe  secret 
for  being  sometimes  in  the  right. 


Note  xvi.  §  100. 

Bioers  and  Lakes. 

SYS.  Rivers  are  the  causes  of  waste  most  visible 
to  us,  and  most  obviously  capable  of  producing 
great  eflfects.  It  is  not,  however,  in  the  greatest 
rivers,  that  the  power  to  change  and  wear  the  sur- 
face of  the  land  is  most  clearly  seen.  It  is  at  the 
heads  of  rivers,  and  in  the  feeders  of  the  laiger 
streams,  where  they  descend  over  the  most  rajad 
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slope,  and  are  most  subject  to  irregular  or  tempor- 
ary increase  and  dimiuutioni  that  the  causes  which 
tend  to  preserve,  and  those  that  tend  to  change  the 
form  of  the  earth*s  surface,  are  faithest  from  ba- 
lancing one  another,  and  vvherGj  after  every  season, 
almost  alter  every  flood,  we  perceive  some  change 
produced,  for  which  no  compensation  can  be  madci 
and  somethiug  removed  which  is  never  to  be  replac- 
eiLi^  When  we  trace  up  rivers  and  their  branches 
toward  their  source,  we  come  at  last  to  rivulets^ 
that  run  only  in  time  of  rain,  and  that  are  dry  at 
other  seasons.  It  is  there,  says  Dr  Hutton,  that  I 
would  wish  to  carry  my  reader,  that  he  may  be 
convinced,  by  his  own  observation,  of  this  great 
fact,  that  the  rivers  have^  in  genera}^  hollowed  out 
their  valleys.  The  ctianges  of  the  valley  of  the 
main  river  are  but  slow  ;  the  plahi  indeed  is  wa&t^ 
ed  in  one  place,  but  is  repaired  in  another,  and  we 
do  not  perceive  the  place  from  whence  the  repair- 
ing matter  has  proceeded.  That  which  the  spec- 
tator sees  here,  does  not  therefore  immediately  sug- 
gest to  him  what  has  been  the  state  of  things  before 
the  valley  was  hollowed  out.  But  it  is  othenvise 
in  the  valley  of  the  rivulet ;  no  person  can  exa- 
mine it  witho^it  seeing,  that  the  rivulet  carries  aw^y 
matter  which  cannot  be  repaired,  except  by  wear- 
iug  away  some  part  of  the  surface  of  the  place  upon 
which  the  rain  that  forms  the  stream  is  gathered. 
The  remains  of  a  former  state  are  here  visible  j  and 
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it  by  subsequent  couvulsioos,  the  slow  actiou  of  the 
streanis  would  not  fait  in  time  to  create  or  renew 
a  system  of  valleys  coram unicatiog  with  oae  ano* 
ther,  like  that  which  we  at  present  behold.  Wa- 
ter, in  all  circumstances,  would  find  its  way  to  the 
lowest  point ;  though  >  where  the  surface  was  quite 
irregular,  it  would  not  do  so  till  after  being  dammed 
up  in  a  thousand  lakes,  or  dashed  in  cataracts  over 
a  thousand  precipices.  Where  neither  of  these  is 
the  case  ;  and  where  the  lake  and  the  catainct  are 
comparatively  rare  phenomena  ;  there  we  perceive 
that  constitution  of  a  surface,  which  water  alone,  of 
all  physical  agents,  has  a  tendency  to  produce  ;  and 
we  must  conclude,  that  the  probability  of  such  a 
constitution  having  arisen  from  another  cause,  is, 
to  the  probability  of  its  Iiaving  arisen  from  the  run- 
ning of  water,  in  such  a  proportion  as  unity  bears 
to  a  number  infinitely  great* 

SI 7*  The  courses  of  many  rivers  retain  marks 
that  they  once  consisted  of  a  series  of  lakes,  which 
have  been  converted  into  dry  ground,  by  the  two- 
fold operation  of  filling  up  the  bottoms,  and  deepen- 
ing the  outlets.  This  happens,  especially,  when 
successive  terraces  of  gravelly  and  flat  land  are 
found  on  the  banks  of  a  river,  §  100.  Such  plat- 
forms, or  hattglu  as  they  are  called  in  this  country, 
are  always  proofs  of  the  waste  and  deiritm  produced 
by  the  river,  and  of  the  different  levels  on  which  it 
has  run ;  but  they  sometimes  lead  us  farther,  and 
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)f  gravel  which 


make  it  certain,  that  the  great  mass 
forms  the  successive  terraces  on  each  side  of  the 
river,  was  deposited  in  the  basin  of  a  lake.  If, 
from  the  level  of  the  highest  terrace,  down  to  the 
{n^eDt  bed  of  the  river,  all  is  alluvial,  and  foimed 
of  sand  and  gravel,  it  is  then  evident,  that  the 
gptce  as  low  as  the  river  now  runs  must  have  been 
once  occupied  by  water;  at  the  same  time,  it  is 
clear,  that  water  must  have  stood,  or  flowed  as  high 
at  least,  as  the  uppermost  surface  of  the  meadow. 
It  is  impossible  to  reconcile  these  two  facts,  which 
are  both  undeniable,  but  by  supposing  a  lake,  or 
body  of  stagnant  water,  to  have  here  occupied  a 
great  hollow,  (which  by  us  must  be  held  as  one  of 
the  original  inequalities  of  the  globe,  because  we 
can  trace  it  no  farther  back,)  and  that  this  holloWi 
in  the  course  of  ages,  has  been  filled  up  by  the  gra- 
vel and  alluvial  earth  brought  down  by  the  river, 
which  is  now  cutting  its  channel  through  materials 
of  its  own  depositing.  There  is  no  great  river  that 
does  not  afford  instances  of  this,  both  in  the  hdly 
part  of  its  course,  and  where  it  descends  first  from 
thence  into  the  plain.  Were  there  room  here  for 
the  minuter  details  of  topographical  description, 
I  this  might  be  illustrated  by  innumerable  examples* 
■  318.  It  is  said  above,  that  the  water  must  have 
m    run  or  stood,  in  former  times,  as  low  as  the  present 
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bottom  of  the  river ;  but  there  is  often  clear  evi- 
<lence,  that  it  has  run  or  stood  nmch  lower,  because 
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the  alluvial  land  reaches  far  below  the  present  level 
of  the  river.     This  is  known  to  hold  in  very  many 
instances,  where  it  has  happened  that  pits  have 
been  sunk  to  considerable  depths  on  the  banks  of 
large  rivers.     By  that  means,  the  depth  of  the  air 
luvial  ground,  under  the  present  bed  of  the  river, 
has  been  discovered  to  be  great  i  and  from  thu 
arises  the  difficulty,  so  generally  experienced,  of 
finding  good  foundations  for  bridges  that  are  built 
over  rivers  in  large  valleys,  or  open  plains,  the 
ground  being  composed  of  travelled  materials  to  an 
unknown  depth,  without  any  thing  like  the  native 
or  solid  strata.     In  such  cases,  it  is  evident,  that 
formerly  the  water  must  have  been  much  lower,  as 
well  as  much  higher,  than  its  present  level,  and 
this  is  only  consistent  with  the  notion,  that  the 
place  was  once  occupied  by  a  deep  lake. 

319.  Iff  following  the  light  derived  from  these 
indications,  we  go  back  to  the  time  when  the  river 
ran  above  the  highest  of  those  levels  at  which  it  las 
left  any  traces  of  its  operations,  we  shall  see  it  com- 
posed of  a  series  of  lakes  and  cataracts,  from  which, 
by  the  filling  up  of  the  one,  and  the  wearing  down 
of  the  other,  the  waters  have  at  length  worked  out 
to  themselves  a  quiet  and  uninterrupted  paasage  te 
the  ocean.  We  may,  indeed,  on  good  evidence,  go 
back  still  farther  than  the  succession  of  such  mea* 
dows  or  terraces,  as  are  above  mentioned,  will  car- 
ry  us,  and  may  consider  the  whole  valley,  or  trough 
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of  the  river,  as  produced  by  its  own  operations. 
The  original  inequalities  of  the  surface,  and  the 
disposition  of  the  strata,  must  no  doubt  have  deter- 
mineil  the  water  courses  at  first ;  but  this  does 
not  hinder  us  from  considering  the  rivers  as  having 
modified  and  clianged  those  inequalities,  and  as  the 
proximate  causes  of  the  shape  and  configuration 
which  the  surface  has  now  assumed. 

320.  From  this  gradual  change  of  lakes  into 
rivens^  it  follows,  that  a  lake  is  but  a  temporary  and 
aecideutal  condition  of  a  river,  which  is  every  day 
approaching  to  its  termination  ;  and  the  truth  of 
this  is  attciited,  not  only  by  the  lakes  that  have  ex- 
isted, but  also  by  those  that  continue  to  exist. 
Where  any  considerable  stream  enters  a  lake,  a  flat 
meadow  is  usually  obsen^ed  increasing  from  year  to 
year,  Tlie  soil  of  this  meadow  is  disposed  in  hori- 
zontal strata :  the  meadow  is  terojinatcd  by  a 
marsh  ;  which  marsh  is  acquiring  solidity,  and  is 
to  be  converted  into  a  meadow,  as  the  meadow 
will  be  into  an  arable  field.  All  this  while  the  se- 
diment of  the  river  makes  its  way  slowly  into  the 
lake,  forming  a  mound  or  bank  under  the  surfiice 
of  the  water,  with  a  pretty  rapid  slope  toward  the 
lake.  This  mound  increases  by  the  adcUtlon  of  new 
etrthi  sand,  and  gravel,  poui  ed  in  over  the  slope  ; 
and  thus  the  progress  of  filhng  up  continually  ad- 
vances* 

3St{J*  In  small  lakes,  this  progress  may  easily  be 
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traced  ;  and  will  be  found  singularly  conspicuous  in 
that  beautiful  assemblage  of  lakes,  which  so  highly 
adorns  the  mountain  scenery  of  Westmoreland  and 
Cumberland.  Among  these  a  great  number  of  in- 
stances itppear,  in  which  lakes  are  either  partially 
filled  up,  or  have  entirely  disappeared.  In  the  Lake 
of  Keswick,  we  not  only  discover  the  marks  of  fill- 
ing up  at  the  upper  end,  which  extend  fai*  into  Bor* 
rowdale,  from  which  valley  a  small  river  flows  into 
the  lake  ;  but  we  have  the  clearest  proof,  that  this 
lake  was  once  united  to  that  of  Bass^ithwaite^ 
and  occupied  the  whole  valley  from  Borrowdale  to 
Ouse-Bridge.  These  two  lakes  are  at  present  join- 
ed only  by  a  stream,  which  runs  from  the  ftr^ 
mer  into  the  latter,  and  their  continuity  is  inter- 
rupted by  a  considerable  piece  of  alluvial  land, 
composed  of  beds  of  earth  and  gravel,  without  rock; 
or  any  appearance  of  the  native  strata.  This  sqii* 
ration,  therefore,  seems  no  other  than  a  bar,  fbrm* 
ed  by  the  influx  of  two  rivers,  that  enter  the  valley 
here  from  opposite  sides,  the  Greeta  from  the  east, 
and  Newland's  water  from  the  west.  The  surfiioe 
of  this  meadow  is  at  present  twelve  or  fifteen  feet 
at  least  above  the  level  of  either  lake  ;'  and  a  qinn* 
tity  of  water  of  that  depth  must  therefore  have  been 
drawn  off  by  the  deepening  of  the  issue  at  Ou8e» 
Bridge,  through  which  the  water  of  both  lake« 
passes,  in  its  way  to  the  ocean. 

Many  more  examples,  similar  to  this,  may  be 
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collected  from  the  same  lakes ;  there  are  indeed 
few  places  from  whiclii  in  this  branch  of  geology, 
more  information  may  be  coUtcted. 

822,  The  larger  lakes  exemplify  the  same  pro- 
gress* Where  the  Rhone  enters  the  Lake  of  Ge- 
neira,  the  beach  has  been  observed  to  receive  an 
annual  increase  j  and  the  Portus  Valesite,  now 
Port  Valais,  which  is  at  present  half  a  league  from 
the  lake,  was  formerly  close  upon  its  bank.  In- 
deed, the  sediments  of  the  Rhone  appear  clearly 
to  have  formed  the  valley  through  which  it  runs, 
to  a  distance  of  about  three  leagues  at  least  from  the 
place  where  the  river  now  discharges  itself  into  the 
lake-  The  ground  there  Is  perfectly  horizontal, 
composed  of  sand  and  mud,  little  raised  above  the 
level  of  the  river,  and  full  of  marshes.  The  depo- 
sition made  by  the  Rhone  after  it  enters  the  lake, 
18  visible  to  the  eye ;  and  may  be  seen  falling 
down  in  clouds  to  the  bottom* 

The  great  lakes  of  North  America  are  under- 
going the  same  changes,  and,  it  would  seem,  even 
with   more   rapidity.      As   the   rivers,    however, 
which    supply  these  vast  reseiToirs,  are  none  of 
them  very  great,  the  filling  up  is  much  less  remark- 
able than  the  draining  off  of  the  water,  by  the 
deepening  of  the  outlet.     An  intelligent  traveller 
has  remarked,  that  in  Lake  Superior  itself  the  di- 
minution of  the  waters  is  apparent,  and  that  marks 
can  be  discovered  on  the  rocks,  of  the  surface  hav- 
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ing  been  six  feet  higher  than  it  is  at  present.  L 
the  smaller  lakes  this  diminution  is  still  more  er 
dent«  *  In  some  of  those  far  inland,  the  ground  a 
round  appeared  to  the  same  traveller  to  be  the  d« 
posit  from  the  rivers,  of  which  the  lakes  themselv^ 
may  be  considered  as  a  mere  expansion,  t 

3^.  In  order  to  give  uniform  declivities  to  Uu 
rivers,  the  lakes  must  not  only  be  filled  up  or  drain- 
ed, but  the  cataract,  wherever  there  is  one,  most 
be  worn  away.  The  latter  is  an  operation  in  ill 
cases  visible.  The  stream,  as  it  precipitates  itsdif 
over  the  rocks,  hurries  along  with  it,  not  only  and 
and  gravel,  but  occasionally  large  stones,  wkkfa 
grind  and  wear  down  the  rock  with  a  force  proptNr* 
tioned  to  their  magnitude  and  acceleration.  Hie 
smooth  surface  of  the  rocks  in  all  waterfalls,  their 
rounded  surface,  and  curious  excavations,  are  tlie 
most  satisfactory  proofs  of  the  constant  attrition 
which  they  endure ;  and,  where  the  rocks  are 
deeply  intersected,  these  marks  often  reach  to  a 
great  height  above  the  level  on  which  the  water 
now  flows.  The  phenomena,  in  such  instances, 
are  among  the  arguments  best  calculated  to  re- 
move all  incredulity  respecting  the  waste  which  ri- 


*  Mackenzie's  Voyages  through  the  Continent  of  Nor4 
America  to  the  Frozen  and  Pacific  Oceans^  p.  xliL  and 
xxxvi. 

t  Ibid.  p.  122. 
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have  produced,  and  are  contiiiiimg  to  pro- 
duce. They  suffer  no  doubt  to  remain,  that  the 
height  and  asperity  of  every  waterfall  are  continu- 
ally diminishing  j  that  innumerable  cataracts  are 
entirely  obliterated  j  that  those  which  remain  are 
verging  toward  the  same  end,  and  that  the  Falls 
of  Montraorenci  and  Niagara  must  ultimately  dis* 
appear. 

S24.  Though  there  can  be  no  doubt  of  the  just- 
ness of  the  preceding  conclusions,  when  applied  to 
lakes  in  general,  some  apparent  exceptions  occur, 
in  which  the  progress  of  draining  and  filling  up 
seems  to  have  been  suspended,  or  even  to  have 
gone  in  a  contrary  direction,  1  hese  exceptions 
consist  of  the  lakes  which  appear  to  have  received 
a  greater  quantity  of  materials  than  was  sufficient 
to  have  filled  them  up.  8uch,  for  example,  is  the 
Lake  of  Geneva,  which  receives  the  Rhone  de 
scending  from  the  Valais,  one  of  the  deepest  and 
longest  valleys  on  the  surface  of  the  earth*  Now, 
if  this  valley,  or  even  a  large  proportion  of  it,  had 
been  excavated  by  the  Rhone  itself,  as  our  theory 
leads  us  to  suppose,  the  lake  ought  to  have  been 
entirely  filled  up,  because  the  materials  brought 
down  by  the  river  seem  to  be  much  greater  than 
the  lake,  on  any  reasonable  supposition  concern- 
ing its  original  magnitude,  can  possibly  have  re- 
ceived •  What,  then,  it  may  be  said,  has  become 
cf  all  that  the   Rhone  has  brought  down  and  de- 
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posited  in  it  ?  Tlic  lake,  at  this  moment,  retains^ 
in  some  places,  the  depth  of  more  than  1000  feet  | 
and  yet,  of  all  that  the  Rhone  carries  into  it,  n»^ 
thing  hot  the  pure  water  issues.  If  it  has  bee^K^ 
continuing  to  diminish,  both  in  superficial  exter»i 
and  in  depth,  from  the  time  when  the  Rhone  be- 
gan to  run  into  it,  what  must  have  been  its  origi- 
nal dimensions  ?  , 

I  cannot  pretend  to  remove  entirely  the  diflScui-    j 
ty  which  is  here  stated  ;  yet  1  think  the  following 
lemarks  may  go  some  length  in  doing  sot 

3^25*  It  is  certain,  that  from  the  present  state 
of  the  Lake  of  Geneva,  and  of  the  ground  round 
it,  we  can  hardly  draw  any  inference  as  to  ita  ori- 
ginal dimensions.  Saussure  has  traced,  with  hk 
usual  skill,  the  marks  of  the  course  of  the  RboBC, 
on  a  level  greatly  above  the  present  j  and,  by  ob- 
iervations  on  the  side  of  Mont  Saleve,  has  found 
proofs  of  the  running  of  water,  at  least  200  torn 
above  the  present  superficies  of  the  lake.  But,  if 
ever  the  superficies  of  the  lake  stood  at  this  height, 
or  at  this  height  nearly,  though  we  can  conjecture 
but  little  concerning  the  state  of  the  adjacent  coun- 
try, which  no  doubt  was  also  on  a  higher  level,  the 
lake  may  very  well  be  supposed  to  have  been  of  fir 
greater  dimensions  than  it  is  now.  It  may  have 
occupied  the  whole  space  from  Jura  to  Saleve,  and 
included  the  Lake  of  Neufchatel ;  so  that  it  may 
liave  been  of  magnitude  sufficient  to  receive  the 


waters  lowered,  may  have  beet 
carried  dowB  to  the  sea.  Thus  it  may  have  af- 
forded a  temporary  receptacle  for  the  debris  of  the 
Alps,  and  may  have  served  for  an  en/repot^  as  it 
were,  where  thcise  debris  were  deposited,  before 
they  were  carried  to  the  place  of  their  ultimate 
destination. 

826.  But  the  great  depth  which  tlie  lake  has  at 
present,  still  remains  to  be  explained,  because  no 
mud  or  gravel  could  be  carried  beyond  the  gulf,  of 
a  thousand  feet  deep,  which  was  here  ready  to  re- 
ceive it.     The  reality  of  this  difficulty  must  be  ac- 
knowledged J  and  some  cause  seems  to  act,  if  not 
in  the  generation,  yet  certainly  in  the  preservation 
of  lakent  with  which  we  are  but  little  acquainted. 
We  can  indeed  imagine  some  causes  of  that  kind  to 
occur  in  the  course  of  the  degradation  of  the  land, 
which  may  produce  new  lakes,  or  increase  the  di- 
mensions  of  the  old.     The  wearing  away  of  a  stra- 
tum, or  body  of  strata,  may  lay  bare,  and  render 
accessible  to  the  water,  some  beds  of  mineral  sub- 
stances soluble  in  that  fluid*     The  district,  for  in- 
stance, in  Cheshire,  which  contains  rock  salt,  ex- 
tends over  a  tract  of  fourteen  or  fifteen  miles,  and 
18  covered  by  a  thick  stratum  of  clay,  more  or  less 
indurated,  which  defends  the  salt  from  the  water  at 
the  surface,  and  preserves  the  whole  mass  in  a  state 
of  dryness.     Should  this  covering  be  broke  open 
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by  any  natural  convulsion,  or  should  it  be  worn 
away,  as  it  must  be  in  the  progress  of  the  general 
detritus,  the  water  would  gain  admission  to  the  sa-* 
line  strata,  would  gradually  dissolve  them,  and  form 
of  course  a  very  deep  and  extensive  lake,  where  all 
was  before  dry  land.  This  event  is  not  only  possi- 
ble, but  it  should  seem,  that  in  the  course  of  things 
it  must  necessarily  happen. 

327-  Something  of  this  kind  may  have  taken 
place  in  the  track  of  the  Rhone,  and  may  have 
produced  the  Leman  Lake.     It  is  not  impossible, 
that,  at  a  very  remote  period,  the  Rhone  descend- 
ed from  the  Alps  without  forming  any  lake,  or  at 
least  any  lake  of  which  the  remains  are  now  exist- 
ing ;  and  this  supposition,  which  is  more  probable 
than  that  of  §  3^,  we  shall  soon  find  to  be  con* 
formable  to  appearances  of  another  kind.     The  ri- 
ver may  have  wore  away  the  secondary  limestone 
strata  over  which  it  took  its  course  after  it  left  the 
schistus  of  the  mountains  ;  and,  in  doing  so,  may 
have  reached  some  stratum  of  a  saline  nature,  and 
this  being  washed  out,  may  have  left  behind  it  a 
lake,  which  is  but  modem  compared  with  many  of 
the  revolutions  that  have  happened  on  the  surface 
of  the  earth.  * 


*  There  are  salt  springs  at  Bex^  near  Aigle^  about  ten 
miles  from  the  head  of  the  lake  :  saline  strata^  therefore^  are 
probably  at  no  great  distance. 

8 


This  explanation  is  no  tloabt  hypothetical ;  but 
it  is  proposed  in  one  of  those  caseSj  m  which  hypo- 
thetical reasonings  are  warranted  by  the  strictest 
rales  of  philosophical  investigation.     It  is  proposed 
in  a  case,  where  the  causes  visible  to  man  seem  in* 
adequate  to  the  effect,  and  where  we  must  there- 
fore have  recourse  to  an  acrent  that  is  invisible*    If 
the  operations  ascribed  to  this  agent  are  conforma- 
ble to  the  analogy  of  nature,  it  is  all  that  can  in 
reason  be  required. 

328.  Another  circumstance  may  also  influence 
the  generation  and  preservation  of  hikes ;  but  it  is 
also  one  with  which  we  are  but  little  acquainted. 
The  strata,  and  indeed  the  whole  body  of  mineral 
substances  which  forms  the  basis  of  our  land,  have 
been  raised  up  from  the  bottom  of  the  sea,  by  a 
progress  that  should  seem  in  general  to  have  been 
gradual  and  slow.     Appearances,  however,  are  not 
wanting^  which  show,  that  this  progress  is  not  uni- 
fbrni  ;  and  that  both  rising  and  sinking  in  the  sur- 
face of  the  land,  or  in  the  rocks  which  are  the  base 
of  it,  have  happened  within  a  period  of  time,  which 
IS  by  no  means  of  great  extent.     In  this  progress, 
the  elevations  and  depressions  may  not  be  the  same 
for  every  spot.     They  may  be  partial,   and  one 
part  of  a  stratum,  or  body  of  strata,  may  rise  to  a 
greater  height,  or  be  more  depressed,  than  ano- 
ther.    It  is  not  impossible,  that  this  process  may 
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aflfect  the  deptb  of  lakes,  and  change  the  relative 
level  of  their  sides  and  bottom. 

d29«  All  lakes,  however,  do  not  involve  the  dif- 
ficulty  which  the  preceding  conjectures  are  intend- 
ed to  remove.  The  great  lakes  of  North  America 
do  not,  for  instance,  receive  their  supply  from  very 
large  rivers.  Of  course,  it  is  not  from  a  tract  great 
in  comparison  of  themselves,  that  the  waste  and  de* 
tritus  is  brought  dovm  into  them ;  and  it  seems 
not  at  all  wonderful,  that,  without  being  filled  up, 
they  have  been  able  to  receive  it.  The  same,  in  a 
d^ree  at  least,  is  true  of  many  other  lakes. 

It  should  also  be  considered,  that  we  may  err 
greatly  in  the  estimate  we  make  of  the  materials 
actually  carried  down  and  deposited  in  any  lake.  To 
judge  of  their  entire  amount,  we  should  know  the 
original  form  of  the  inequalities  on  the  earth's  sur- 
face i  of  the  quantity  of  depression  which  existed^ 
independently  of  the  rivers ;  and  though,  in  gene- 
ral, these  original  inequalities  may  be  overlooked, 
and  the  present  considered  as  made  by  the  running 
of  water,  yet,  in  particular  instances,  this  may  be 
far  from  true.     The  Valais,  for  example,  which  we 
consider  as  the  work  of  the  Rhone,  may,  when  the 
Alps  rose  out  of  the  sea,  have  included  many  de- 
pressions of  the  surface,  which  the  river  joined  to- 
gether, and,  from  being  a  series  of  lakes,  formed 
into  one  great  valley. 


330,  The  nioutlis  by  which  rivers  oa  bold  rocky 
coasts  discharge  their  waters  into  the  sea,  afford  a 
rery  striking  coofirmation  of  the  conclusions  con- 
cerning the  general  system  of  waste  and  degrada- 
tion which  have  been  dmwn  above.  At  these 
mouths  we  usually  see,  not  only  the  bed  of  the  ri- 
ver, but  frequently  a  considerable  valley,  cut  out  of 
the  solid  rock,  while  that  rock  pi^serves  its  eleva- 
tion, and  its  precipitous  aspect,  wherever  it  is  not 
intersected  by  a  run  of  water.  No  convulsion  that 
can  have  torn  asunder  the  rocks  ;  no  breach  that 
can  have  been  made  in  them,  antecedent  to  the 
running  of  the  waters,  will  account  for  the  circum- 
stance of  every  river  finding  a  corresponding  open- 
ing, by  which  it  makes  its  way  to  the  sea  ;  for  that 
opening  l)eing  so  nearly  proportional  to  the  mag- 
nitude of  the  river,  and  for  such  breaches  never  oc- 
curring but  where  streams  of  water  are  found. 

SSI,  The  actual  survey  of  any  bold  and  rocky 
coast,  will  make  this  clearer  than  any  general  state- 
ment can  possibly  do*  Let  us  take,  for  an  exam- 
ple, the  coast  of  the  British  Channel,  from  Torbay 
to  the  Land's  End,  which  is  faced  by  a  continued 
rampart  of  high  cliffs,  formed  of  much  indurated 
and  primeval  rock*  If  we  consider  the  breaches  in 
this  rampart,  at  the  mouths  of  the  Dart,  of  the 
Plym  and  Tamer,  of  the  river  at  Fowey,  of  the 
I'al,  the  Hel,  &c,  it  will  appear  perfectly  clear. 
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that  they  have  been  produced  by  their  respective 
streams.  Where  there  is  no  stream,  there  is  no 
breach  in  the  rock,  no  softening  in  the  bold  and 
stem  aspect  which  this  shore  every  where  presents 
to  the  ocean.  If  we  look  at  the  smaller  streams, 
we  find  them  working  their  way  through  the  diffi 
at  the  present  moment ;  and  we  see  the  steps  by 
which  the  larger  valleys  of  the  Dart  and  the  Tamer 
have  been  cut  down  to  the  level  of  the  sea.  If  we 
would  have  still  clearer  evidence,  that  no  breaches 
made  antecedently  to  the  running  of  the  rivers 
have  opened  a  way  for  them,  we  need  only  look  to 
the  opposite  side,  or  northern  shore,  of  the  same 
promontory,  where  we  also  find  a  series  of  outlets, 
all  originating  in  the  ridge  of  the  country,  and  be- 
coming deeper  as  they  approach  the  sea,  but  alto- 
gether unconnected  with  the  openings  on  the  south 
side ;  and  this  could  hardly  have  been  the  case, 
had  they  been  the  effects  of  previous  concussions,  or 
of  any  peculiarity  in  the  original  structure  of  the 
rocks. 

332.  In  contemplating  such  coasts  as  these,  when 
we  go  back  to  the  time  when  the  rivers  ran  upon  a 
level  as  high  as  the  highest  of  the  cViSs  on  the  set 
shore,  we  must  suppose,  that  the  land  then  extend- 
ed many  miles  farther  into  what  is  now  occupied  bj 
the  sea.  When  at  Plymouth,  for  instance,  the 
Tamer  and  the  Plym  flowed  on  the  level  of  Mount 
Edgecombe  or  of  Staten  Heights,  if  the  rivers  ran 


with  a  moderate  declivity  into  the  sea,  the  coast 
must  have  advaoeeil  many  miles  beyond  its  present 
line*  Thus  the  land,  when  higher,  was  also  more 
extended,  and  the  limits  of  our  island  in  that  an- 
cient  state,  were  doubtless  very  different  from  these 
by  which  it  is  at  present  circinn scribed. 

If  with  the  same  views  we  consider  any  other  of 
the  bold  coasts  which  the  map  of  tlic  world  pre- 
sents  us  with,  we  shall  quickly  remark,  that  wher- 
ever  a  deep  intersection  of  the  sea  is  made  into  the 
land,  as  on  the  western  shores  of  our  own  island,  or 
on  those  of  Norway,  a  river  runs  in  at  the  head  of  it, 
and  points  out  by  what  means  such  inlets  are  form- 
ed, viz.  by  the  united  powers  of  the  sea  and  of  the 
land,  the  waters  of  the  latter  having  opened  the 
way  by  which  those  of  the  former  have  penetrated 
80  far  into  the  country. 

333.  It  is  not  meant  assuredly  to  deny  the  irre^ 
gularities  of  the  sea  coast,  as  it  may  have  originally 
existed  ;  these  irregularities  no  doubt  determined 
the  initial  operations  of  that  waste  and  decay,  by 
which,  in  process  of  time,  they  were  themselves  en*- 
tirely  effaced.  The  line  of  our  coasts  may  be  com- 
pared to  one  of  those  curves,  which  are  sometimes 
treated  of  in  the  higher  geometry,  where  the  ordi- 
nates  are  functions,  not  only  of  their  abscissie,  but 
also  of  the  time  elapsed  since  a  certain  epocha. 
The  form  of  the  curve  at  that  epocha,  or  when  the 
began  to  flow,  corresponds  to  the  original 
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form  of  the  sea  coast,  on  its  emerging  from  the 
ocean,  and  before  the  powers  of  wasting  and  decay 
had  b^^  to  act  upon  it.  To  speak  strictly,  the 
original  figure,  in  both  cases,  influences  all  the  sob* 
sequent ;  but  the  farther  removed  from  it  in  point 
of  time,  the  less  is  that  influence ;  so  that,  in  phy« 
sical  questions,  and  for  the  purpose  of  such  ap- 
proximations as  suit  the  imperfection  of  our  know* 
ledge,  the  consideration  of  the  original  figure  may 
be  whoUy  left  out. 


Note  xvii.  §  105. 
Remains  of  Decomposed  Rocks. 

S34«  The  plain  of  Crau  was  the  Campus  Lapi- 
deus  of  the  ancients ;  and,  as  mythology  always 
seeks  to  connect  itself  with  the  extraordinary  fiicb 
in  natural  history,  it  was  said  to  be  the  spot  where 
Hercules,  fighting  with  the  sons  of  Neptune,  and 
being  in  want  of  weapons,  was  supplied  from  heip 
ven  by  a  shower  of  stones :  hence  it  was  called 
Campus  Herculeus« 

This  plain  is  on  the  east  side  of  the  Rhon^ 
between  Salon  and  Aries :  it  is  of  a  triangular 
form,  about  twenty  square  leagues  in  extent,  and 
is  covered  almost  entirely  with  quartzy  grafd. 
Hiis  immense  collection  of  gravel  has  been  sap 


by  some  to  liave  been  brought   down   by 
Durance   from    the    Alps    of  Daupliint? ;  by 
others  it  has  been  ascribed  to  the  Rhone ;  and  by 
many  to  the  sea,  as  being  a  work  too  great  for 
■ny    river.      The   explanation    mentioned   above, 
^  105,  namely,  that  the  loose  gravel  on  the  plain 
irises  from  the  decomposition  of  a  great  stratum 
of  pudding-stone,  which  y  the  basis  of  the  whole, 
is  the  opinion  of  Saussnre,  and  is  founded  on  his 
awn  observations*  * 
V   335.  The  theories  that  have  been  contrived  for 
Hplaining  the  phenomena  oftlie  plain  of  Crau,  af- 
wrd  an  instance  of  the  necessity  of  generalizing 
Ihr  observations  before  we  can  explain  a  particular 
appearance  :  in  other  words,  they  prove  the  truth 
of  Lord  Bacon's  maxim,  That  the  explanation  of  a 
phenomenon   should  not  be  sought  for  from  the 
itudy  of  that  phenomenon  alone,  but  from  the 
nmparison  of  it  with  others.     One  of  the  theories 
of  this  plain  is,  that  the  breccia,  which  is  the  base 
of  it,  IS  formed  from  the  consolidation  of  the  loose 
gravel  of  the  plain,  by  water  percolating  tlirough  it, 
and  carrying  some  cementing  substance  along  with 
it,  or  some  lapidijicjuice^  as  it  is  called.     And  in- 
deed, whether  the  gravel  is  foimed  from  the  brec- 


•Sce  Voyages  aux  Alpes,   Tom.    HI»  §  ir>92  et  1597* 
i^  aUa  on  Xhh  siil>Ject  a  Memoir  by  I#atiijinon^  Journal  de 
lI"  ,  Tom.  XX J  L  p.  477  ;  and  another  by  M*  De  Ser- 
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cia,  or  the  breccia  from  tlie  gravel,  is  a  questioE 
which  probably  could  never  be  resolved  by  the  mere 
examination  of  the  plain  itself.  But  the  questiott 
is  very  soon  decided,  when  we  compare  what  is  ob- 
served here  with  other  appearances  in  the  natural 
history  of  the  earth's  surface,  and  consider  how 
much  more  frequent  the  decomposition  of  solids  iSp 
than  their  recousolidationi  in  any  place  above  the 
level  of  the  sea, 

336.  Tlie  argument  for  the  decomposition  of 
stony  substances  which  is  afforded  by  the  state  of 
this  singular  plain,  may  be  coniinned  by  the  ap- 
pearances observed  in  many  extensive  tracts  of  land 
all  over  the  world,  and  especially  in  some  parts  of 
Great  Britain.  The  road  to  Exeter  from  Taunton 
Dean,  between  the  latter  and  Hon i ton,  passes  over 
a  large  heath  or  down,  considerably  elevated  above 
the  plain  of  Taunton.  The  rock  which  is  the  base 
of  this  heath,  as  far  as  can  be  discovered,  is  lime- 
stone, and  over  the  surface  of  it  large  flints,  in  the  i 
form  of  gravel,  are  veiy  thickly  spread.  There  is 
no  higher  ground  in  the  neighbourhood  from  which 
this  gravel  can  be  supposed  to  have  come,  nor  any 
stream  that  can  have  carried  it,  so  that  no  explana- 
tion of  it  remains,  but  that  it  Is  formed  of  the  flint* 
contained  in  beds  of  limestone,  which  are  now  worn 
away.  The  flints  on  the  heath  are  precisely  of  the 
kind  found  in  limestone  ;  many  of  them  are  not 
much  worn,  and  cannot  have  travelled  far  from  iht 
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bk  in  which  they  were  originally  contained.  It 
tseems  certain,  therefore,  that  they  arc  the  debris  of 
limestone  strata,  now  entirely  decomposed,  that 
once  lay  above  the  strata  which  at  present  fonn  the 
base  of  this  elevated  plain,  and  probably  covered 
them  to  a  considerable  height.  This  explanation 
carries  the  greater  probability  with  it,  that  any 
other  way  of  accounting  for  the  fact  in  question,  as 
the  travelling  of  the  gravel  from  higher  grounds,  or 
the  immersion  of  the  surface  under  the  sea,  will 
imply  changes  in  the  face  of  the  country,  incom- 
parably greater  than  are  here  supposed.  Our  hy- 
pothesis  seems  to  give  the  minimum  of  all  the  kinds 
of  change  that  can  possibly  account  for  the  pheno- 
menon. 

S37-  The  same  remarks  may  be  made  00  the 
liigh  plain  of  Halidon,  which  the  road  passes  over 
in  going  from  Exeter  to  the  westward.  The  flints 
there  are  disseminated  over  the  surface  as  thickly  as 
in  the  other  instance,  and  can  be  explained  only  on 
,  the  i^me  supposition. 

Again,  in  the  interior  of  England,  beginning 
from  about  Worcester  and  Binningham,  and  pro- 
.ceeding  north-east  through  Warwickshire,  Leices- 
tershire, Nottinghamshire,  as  far  as  the  south  of 
Yorkshire,  a  particular  species  of  higldy  indurated 
gravel,  formed  of  granulated  quartz,  is  found  every 
where  in  great  abundance.  This  same  gravel  ex* 
teuds  to  the  west  and  north-west,  as  far  as  Ashburn 
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in  Derbyshire,  and  perhaps  still  farther  to  the 
north.  The  quantity  of  it  about  Binmngham  is 
very  remarkable,  as  well  as  in  many  other  places ; 
and  the  phenomenon  ia  the  more  suqMrising,  dot 
no  rock  of  the  same  sorCis  seen  in  its  native  plaee. 
It  is  such  gravel  as  might  be  expected  in  a  mono- 
tainous  country,  in  Scotland,  for  instance,  or  in 
Switzerland,  but  not  at  all  in  the  fertile  and  i^ 
oondary  plains  of  England. 

This  enigma  is  explained,  however,  when  it  ii 
observed,  that  the  basis  of  the  whole  tract  jut 
described  is  a  red  sandstone,  often  containipg  in  h 
a  hard  quartzy  gravel,  perfectly  similar  to  th|t 
which  has  just  been  mentioned.  From  due  dissohi- 
tion  of  beds  of  this  sandstone,  which  formeriyco- 
vered  the  present,  there  can  be  no  doubt  that  thtf 
gravel  is  derived.  But,  as  the  gravel  is  in  geujenl 
thinly  dispersed  through  the  sandstone,  and  aboimdi 
only  in  some  of  its  layers,  it  should  therefore  seem, 
that  a  vast  body  of  strata  must  have  been  worn 
away  and  decomposed,  before  such  quantities  of 
gmvel  as  now  exist  in  the  soil  could  have  been  let 
loose. 

338.  I  have  said,  that  a  rock  capable  of  aflSNrd* 
ing  such  gravel  as  this,  is  not  to  be  found  in  the 
tract  of  country  just  mentioned.  This,  howetiV,  is 
not  strictly  true;  for  in  Worcestershire,  between 
•Bromesgrove  and  Birmingham,  about  seven  miks 
from  the  latter,  a  rock  is  found  consis'ing  of  i&dii- 
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strata,  greatly  elevated,  and  without  doubt 
iitive,  from  the  detritus  of  which  such  gravel  as 
are  now  speaking  of  might  be  produced.  These 
nts  seem  to  rise  up  from  under  the  secondary, 
fcere  they  are  intersected  by  the  road  ;  and,  for  as 
inch  as  appears,  are  not  of  great  thickness,  so  that 
ley  cannot  have  afforded  the  materials  of  this  gra- 
d  directly,  though  they  may  have  done  so  indirect- 
f^  or  through  the  medium  of  the  red  sandstone ; 
is  to  say,  a  primary  rock  of  which  they  are  the 
ins,  may  have  afforded  materials  for  the  gravel 
the  sandstone  ;  and  this  sandstone  may  in  its 
m  have  afforded  the  materials  of  the  present  soil, 
id  particularly  the  gravel  contained  in  it* 
3tJ{).  Plidding-stoncs  being  very  liable  to  decom- 
MCion,  have  probably,  in  most  countries,  afforded 
large  proportion  of  the  loose  gravel  now  found  in 
soiL  The  mountains,  or  at  least  hills,  of  this 
which  are  found  in  many  places,  prove  the 
^eat  extent  of  such  decomposition.  Mount  Rigi, 
r  instance,  on  the  side  of  the  Lake  of  Lucerne,  is 
tinely  of  pudding-stone,  and  is  74'2  toises  iii 
jight,  measured  from  the  level  of  the  lake.  By 
B  descriptions  given  of  it,  as  well  as  of  other  hills 
the  same  kind  in  Switzerland,  we  may,  without 
e  attention,  be  led  to  suppose  that  they  are  en» 
ely  formed  of  loose  gravel.  Even  M.  Saussure's 
%acription  is  chargeable  with  this  fault,  though, 
lien  attended  to,  it  will  be  found  to  contain  a  suf- 
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ficieiit  proof,  that  this  hill  is  composed  of  real  pud- 
ding-stone^  *  The  nature  of  the  thing  also,  would 
be  sufficient  to  convince  us,  that  a  hill,  more  than 
4000  feet  in  height,  could  not  consist  of  loose  and 
unconsolidated  materials. 

If,  then,  we  regard  Mount  Rigi  as  the  remains 
of  a  body  of  pudding-stone  strata,  we  must  conclude, 
that  these  strata  were  originally  more  extensive, 
and  the  adjacent  valleys  and  plains  will  serve,  in 
some  degree,  to  measure  the  quantity  of  them  which 
time  has  destroyed. 

340-  If  the  theory  of  unstratified  mountmm, 
namely  those  of  whinstone,  porphyry,  and  granite, 
be  admitted  as  laid  down  above,  it  will  furnish  a 
measure  of  the  destruction  which  has  taken  place 
in  the  stratified  rocks,  and  of  the  vast  depredations 
which  have  been  made  upon  them  since  they  were 
raised  up  from  the  bottom  of  the  sea.  Like  every 
other  measure,  however,  of  wasting,  by  a  thing  thit 
is  itself  subject  to  waste,  it  can  only  give  a  mni' 
nmm^  or  a  limit  which  the  quantity  wasted  must 
necessarily  exceed. 

The  abrupt  face  of  a  whinstone  rock  must  be 
understood  as  an  evidence,  that  some  body  of  strata 
wliich  supported  it  when  fluid,  remained  in  contact 
with  it,  when  it  was  become  solid  j  and  if  this  part 
of  the  mould  in  which  the  whinstone  was  cast,  hs 

•  Voyages  aux  Alpes,  Tom.  IV.  §  1941* 
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disappeared,  it  raust  generally  be  ascribed  to  the 
operation  of  waste  and  decomposition.  Such  a 
face,  for  instance,  as  tlmt  which  Salisbury  Crag 
presents  to  the  west,  viz,  a  perpendicular  wall  of 
whinstone,  about  ninety  feet  high,  raised  on  a  body 
of  sandstone  strata  of  the  height  of  about  300  feet, 
can  have  been  produced  only  by  having  been  abut- 
ted against  some  stratified  rock,  equally  abrupt, 
and  of  the  same  elevation  with  itself.  Of  this  rock 
DO  part  remains. 

The  basaltie  rock  of  Edinburgh  Castle  is  nearly 
in  the  same  state.  Its  perpendicular  sides  on  the 
south,  west,  and  north,  are  now  disengaged  from 
the  strata  by  which  they  were  once  encompassed. 

341.  The  granite  mountains  also,  wbere  they 
an>  quite  unstratified,  give  rise  to  the  same  conclu- 
sion. Tliose  central  chains  which  we  find  in  so 
many  instances  towering  above  the  schistus  which 
cover  their  sides,  have  probably  been  once  complete- 
ly enveloped  by  the  latter ;  and,  on  this  supposi- 
tion^  an  estimate  may  sometimes  be  formed  of  the 
original  height  of  such  mountains. 

In  these  estimations,  however,  some  uncertainty 
must  arise,  from  our  being  unable  to  distinguish  be* 
tween  the  eflfects  whitli  are  to  be  ascribed  to  the 
fraeture  and  dislocation  that  took  place  when  the 
compound  body  of  stratified  and  unstratified  rocks 
was  raised  up  trom  the  bottom  of  the  sea,  and  the 
effects  produced  by  the  subsequent  waste  and  de- 
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compositiou  at  tlic  surface.     In  this,  as  m  manj 
other  instances,  we  are  not  always  able  to  separat 
between  the  original  inequalities  of  the  surface, 
end  those  which  wearing  has  produced. 

S42.  It  would  be  important  to  ascertain  the  rate 
at  which  the  elevation  of  uiountains  decreases*  and 
this  is  what  we  may  perhaps  exi)ect  to  be  accom- 
plished, by  the  progress  of  geological  science,  and 
the  raultiplying  of  accurate  observations.  It  haa 
been  supposed,  tlmt  the  Pyrenees  diminish  about 
ten  inches  in  a  century  j  but  what  confidence  is  to 
be  put  in  this  estimate,  I  am  unable  to  deter* 
mine*  * 

A  very  unequivocal  mark  of  the  degradation  of 
mountains  is  often  to  be  met  with  in  the  hc^aps  of 
loose  stones  found  on  their  tops.  These  stones,  it  is 
obvious,  cannot  have  come  from  any  other  place  by 
natural  means,  and  they  are  accordingly  always 
sharp  and  aognlar,  and  have  none  of  the  characters 
of  transported  rocks.  They  are  said  sometimes  to 
have  been  brought  by  men's  hands ;  but  this  is 
highly  improbable,  their  quantity  is  often  so  consi- 
derable, and  the  diflScnIty  of  transportation  so  great* 
Where  any  purpose  was  to  be  served  by  heapiag 
them  together,  men  have  availed  themselves  of  the 
stones  that  they  found  ready  prepared  on  the  sum- 
mit, and  have  constructed  from  them  cairns,  which 

*  Efisai  sur  la  Mineralogia  des  Fyrea^eft,  p.  87» 
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have  served  as  signals,  useful  in  their  [xistora],  and 
sometimes  in  theu'  military  occupations. 


Note  xviii.  §  112* 
Transportation  qfSiones^  ^c. 


» 


343.  Nature  supplies  the  means  of  tracing  with 
considerable  certainty  the  migration  of  fossil  bodies 
on  the  surface  of  the  earth,  as  only  the  more  indu- 
rated stones»  and  those  most  strongly  characterized, 
can  endure  the  accidents  that  must  befal  them  in 
trayelling  to  a  distance  from  their  native  place. 

It  is  a  fact  very  generally  obser^^ed,  that  where 
the  valleys  among  primitive  mountains  open  into 
lai^e  plains,  the  gravel  of  those  plains  consists  of 
stones,  evidently  derived  from  the  mountains.  The 
nearer  that  any  spot  is  to  the  mountains,  the  larger 
are  the  gravel  stones,  and  the  less  rounded  is  their 
figure  ;  and,  as  the  distance  increases,  this  gravel, 
which  often  forms  a  stratum  nearly  level,  is  covered 
with  a  thicker  bed  of  earth  or  vegetable  soil.  This 
progression  has  particularly  been  observed  in  the  val- 
leys of  Piemont  and  the  plains  of  Lombardy,  where 
a  bed  of  gravel  forms  the  basis  of  the  soil,  from  the 
foot  of  the  Alps  to  the  shores  of  the  Hadriatic.  * 


•  Voyageaaux  Alpes>  Tom.  III.  J  1515. 
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We  may  collect  from  Gyettard,  that  a  similar  gra- 
dation is  found  in  the  gravel  and  earth  which  cover 
the  great  plain  of  Poland,  from  Mount  Krapack  to 
the  Baltic.  *  Tlie  reason  of  this  gradation  is  evi- 
dent ;  the  farther  the  stones  have  travelled,  and  the 
more  rubbing  they  have  endured,  the  smaller  they 
grow,  the  more  regular  is  the  figure  they  assume, 
and  the  greater  the  quantity  of  that  finer  detritus 
which  constitutes  the  soil.  The  washing  of  the 
rains  and  rivers  is  here  obvious ;  and  each  of  the 
three  quantities  just  mentioned,  if  not  directly  pro- 
portional  to  the  distance  which  the  stones  have  mi- 
grated from  their  native  place,  may  be  said,  in  the 
language  of  geometry,  to  be  at  least  proportional  to 
a  certain  function  of  that  distance* 

844,  The  immense  quantity  of  caiUoiuc  rouUs^ 
or  rounded  gravel,  collected  in  the  immediate  vicinity 
of  mountainous  tracts,  has  led  some  geologists  to 
suppose  the  existence  of  ancient  currents,  wliich 
descended  from  the  mountains,  in  a  quantity,  and 
with  a  mmieniumf  of  which  there  is  no  example  in 
the  present  state  of  the  world.  Thus  Sausstlre 
imagines,  that  the  hill  of  Superga,  near  Turin, 
which  is  fomied  of  gravel,  can  only  be  explained 
by  supposing  such  currents  as  are  just  mentioned, 
or  what  he  terms  a  diback^  to  have  taken  place  at 


» 


some  former  period,  *     If,  however,  we  ascribe  to 
the  mountains  a  magnitude  and  elevation  vastly 
greater  than  that  which  they  now  possess  ;  if  we 
regard  the  valleys  between  them  as  cut  out  by  the 
rivers  and  torrents  from  an  immense  rampart  of 
solid  rock,  neither  materials  sufficiently  great,  nor 
agents  sufficiently  powerful,  will  appear  to  be  want- 
ing, for  collecting  bodies  of  gravel  and  other  loose 
materials,  equal  to  any  that  are  found  on  the  sur- 
face of  the  earth.     The  necessity  of  introducing  a 
debacle^  or  any  other  unknown  agent,  to  account 
for  the  transportation  of  fossils,  seems  to  arit^e  from 
underrating  the  efiects  of  action  long  continued, 
and  not  limited  by  such  short  periods  as  circum- 
scribe the  works,  and  even  the  observations,  of 
men. 

34f5.  The  supply  of  gravel  and  cailhuo'  rouUSf 
for  the  plains  extended  at  the  feet  of  primitive 
mountains,  is  doubtless  in  many  cases  much  in- 
creased by  the  pudding-stone,  interposed  between 
the  secondaiy  and  the  primary  strata.  The  beds  of 
pudding-stone  contain  gravel  already  formed  on  the 
shores  of  continents,  that  ceased  to  exist  before  the 
present  were  produced  j  and  the  cement  of  this 
gravel,  yielding  easily  to  the  weather,  allows  the 
stones  included  in  it  to  be  washed  down  by  the 
torrents,  and  scattered  over  the  plains.     I  know 

♦  Voyagfjs  auK  AliJe9>^ Tom.  IIL  %  ^0% 
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not  if  the  hill  of  Superga  above  raentioned, 
ill  reality  a  mass  of  the  pudding-stooe  which 
the  border  of  the  Alps,  and  of  which  the  materials 
have  suffered  no  transportation  since  the  time  of 
their  last  consolidation.  This  at  least  is  certain, 
that  Saussure,  notwithstanding  his  accuracy,  hus 
sometimes  confounded  the  loose  gravel  on  the  sur* 
face  with  that  which  is  consolidated  into  rock  ;  an 
inaccuracy  which  is  to  be  charged,  as  I  have  else- 
where observed,  rather  against  his  system  than  him 
self. 

S46»  Tlie  loose  stones  found  on  the  sides 
hills,  and  the  bottoms  of  valleys,  when  traced  back 
to  their  original  place,  point  out  with  demonstra- 
tive evidence  the  great  changes  which  have  hap- 
pened since  the  commencement  of  their  journey ; 
and  in  particular  serve  to  show,  that  many  valleys 
which  now  deeply  intersect  the  surface,  had  not 
begun  to  be  cut  out  when  these  stones  were  first 
detached  from  their  native  rocks.     We  know,  for 
instance,  that  stones  under  the  influence  of  such 
forces  as  we  are  now  considering,  cannot  have  first 
descended  from  one  ridge,  and  then  ascended  on 
the  side  of  an  opposite  ridge.     But  the  granite  of 
Mont  Blanc  has  been  found,  as  mentioned  above, 
on  the  sides  of  Jura,  and  even  on  the  side  of  it 
farthest  from  the  Alps.     Now,  in  the  present  state 
I  of  the  earth's  surface,  between  the  central  chain  of 

I  the  Alps,  from  which  these  pieces  of  granite  must 


liuve  come,  and  the  ridge  of  Mont  Jura,  besides 
many  smaller  valleys,  there  is  the  great  valley  of  the 
Rhone,  from  the  bottom  of  which,  to  the  place 
where  they  now  lie,  is  a  height  of  not  less  than 
3000  feet.  Stones  could  not,  by  any  force  that  we 
know  of,  be  made  to  ascend  over  this  height.  We 
must  therefore  suppose,  that  when  they  travelled 
from  Mont  Blanc  to  Jura,  this  deep  valley  did  not 
exist,  but  that  such  an  uniform  declivity,  as  water 
can  rira  on  with  rapidity,  extended  from  the  one 
summit  to  the  other.  This  supposition  accords 
well  witli  what  has  been  already  said  concerning 
the  recejit  formation  of  the  Leman  Lake,  and  of 
the  present  valley  of  the  Rhone* 

347,  We  can  derive,  in  a  matter  of  this  sort, 
but  little  aid  from  calculation  ;  yet  we  may  disco- 
ver  by  it,  whether  our  hypothesis  transgresses  ma- 
terially against  the  laws  of  probability,  and  is  in- 
consistent  with  physical  principles  already  estab- 
lished«  The  horizontal  distance  from  Mont  Jura 
to  the  granite  mountains,  at  the  head  of  the  Arve, 
may  be  accounted  fifty  geographic  miles.  Though 
we  suppose  Mont  Blanc,  and  the  rest  of  those 
mountains,  to  have  been  originally  much  higher 
than  they  are  at  present,  the  ridge  of  Jura  must 
have  been  so  likewise  j  and  though  probably  not  by 
an  equal  quantity,  yet  it  is  the  fairest  way  to  sup- 
pose the  difference  of  their  height  to  have  been 
nearly  the  same  in  fonner  ages  that  it  is  at  present, 
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and  it  may  therefore  be  taken  at  10,000  feet.  The 
declivity  of  a  plane  from  the  top  of  Mont  Jura  to 
the  top  of  Mont  Blanc,  would  therefore  be  about 
one  mile  and  three  quarters  in  fifty,  or  one  foot  in 
thirty ;  an  inclination  much  greater  than  is  neces- 
sary for  water  to  run  on,  even  with  extreme  rapi- 
dity, and  more  than  sufficient  to  enable  a  river  or 
a  torrent  to  carry  with  it  stones  or  fragments  of 
rock,  almost  to  any  distance. 

Saussure,  in  relating  the  fact  that  pieces  of  gra- 
nite are  found  among  the  high  passes  near  the  sum- 
mits  of  Mont  Jura,  alleges,  that  they  are  only 
found  in  spots  from  which  the  central  chain  of  the 
Alps  may  be  seen.  But  it  should  seem  that  this 
coincidence  is  accidental,  because,  from  whatever 
cause  the  transportation  of  these  blocks  has  pro- 
ceeded, the  form  of  the  mountains,  especially  of 
Mont  Jura,  must  be  too  much  changed  to  admit 
of  the  supposition,  that  the  places  of  it  from  which 
Mont  Blanc  is  now  visible,  are  the  same  from  which 
that  mountain  wa^  visible  when  these  stones  were 
transported  hither.  It  may  be,  howeYer»  that  the 
passes  which  now  exist  in  Mont  Jura  are  the  re- 
mains of  valleys  or  beds  of  torrents,  which  once 
flowed  westward  from  the  Alps ;  and  it  is  natural, 
that  the  fragments  from  the  latter  mountains  should 
be  found  in  the  neighbourhood  of  those  ancient 
water-tracks. 

318.  Saussure  observed  in  another  part  of  the 

1 


AJps,  that  where  the  Drance  descends  from  the 
sides  of  Mont  Velan  and  the  Great  St  Bernard,  to 
join  the  Rhone  in  the  Valais,  the  valley  it  runs  id 
lies  between  mountains  of  primary  schistus,  in  which 
no  granite  appears,  and  yet  that  the  bottom  of  this 
valley,  toward  its  lower  extremity,  is  for  a  consi- 
derable  way  covered  with  loose  blocks  of  granite,  * 
His  familiar  acquaintance  with  all  the  rocks  of 
those  mountains,  led  him  immediately  to  suspect, 
that  tliese  stones  came  from  the  granite  chain  of 
Mont  Blanc,  which  is  westward  of  the  Drance,  and 
considerably  higher  than  the  intervening  moun- 
tains* This  conjecture  was  veriBed  by  the  obser- 
vations of  one  of  his  friends,  who  found  the  stones 
in  question  to  agree  exactly  with  a  rock  at  the 
point  of  Ornex,  the  nearest  part  of  the  granite 
chain. 

In  the  present  state  of  the  surface,  however,  the 
valley  of  Orsiere  lies  between  the  rocks  of  Ornex 
and  the  valley  of  the  Drance,  and  would  certainly 
have  intercepted  the  granite  blocks  in  their  way 
from  the  one  of  these  points  to  the  other,  if  it  had 
existed  at  the  time  when  they  were  passing  over 
that  tract.  The  valley  of  Orsiere,  therefore,  was 
not  formed,  w  hen  the  torrents,  or  the  glaciers  trans- 
ported these  fragments  from  their  native  place. 

Mountainous  countries,  when  carefully  examined. 


384  ILLUSTRATIONS  OF  THE 

afibrd  so  many  facts  similar  to  the  preceding^  that 
we  should  never  have  done  were  we  to  enumerate 
all  the  instances  in  which  they  occur*  They  lead 
to  conclusioDS  of  great  use,  if  we  would  compare 
the  machinery  which  nature  actually  employs  in 
the  trail  s|>ortat ion  of  rocks,  \^ith  the  largest  frag- 
ments of  rock  which  appear  to  have  been  removed, 
at  some  former  period,  from  their  native  place* 

349-  For  the  moving  of  large  masses  of  rock,  the 
most  powerful  engines  without  doubt  which  nature 
employs  are  the  glaciers,  those  lakes  or  rivers  of  ice 
which  are  formed  in  the  highest  valleys  of  the  Alps, 
and  other  mountains  of  the  6rst  order.  These 
great  masses  are  in  perpetual  motion^  undermined 
by  the  influx  of  heat  from  the  earth,  and  impelled 
do^n  the  declivities  on  which  they  rest  by  their 
own  enonnous  weight,  together  with  that  of  the  in- 
numerable fragments  of  rock  with  which  they  are 
loaded.  These  fragments  they  gradually  transport 
to  their  utmost  boundaries,  where  a  formidable  wall 
ascertains  the  magnitude,  and  attests  the  force,  of 
the  great  engine  by  which  it  was  erected.  The 
immense  quantity  and  size  of  the  rocks  thus  trans- 
ported, have  been  remarked  with  astonishment  by 
eveiy  observer,  *  and  explain  sufficiently  how  frag- 


*  The  stones  collected  on  the  Glacier  de  Miage^  when 
Saussure  visited  it,  were  in  such  quantity  as  to  conceal  the 
ice  entirely.     Voyages  au3t  Alpes^  Toin.  11.  §  854. 
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ments  of  rock  may  be  put  in  motion,  even  where 
iJiere  is  but  little  declivity,  and  where  the  actual 
surface  of  the  ground  is  considerably  uneven.  In 
this  manner,  before  the  valleys  were  cut  out  in  the 
form  they  now  are,  and  when  the  mouotains  were 
still  more  elevated,  huge  fragments  of  rock  may 
have  been  carried  to  a  great  distance ;  and  it  is  not 
wonderful,  if  these  same  masses,  greatly  diminished 
in  size,  and  reduced  to  gravel  or  sand,  have  reach- 
ed the  shares,  or  even  the  bottom,  of  the  ocean* 

350,  Next  in  force  to  the  glaciers,  the  torrents 
are  the  most  powerful  instruments  employed  in  the 
transportation  of  stones.  These,  when  they  descend 
from  the  sides  of  mountains,  and  even  where  the 
declivity  of  their  course  is  not  very  great,  produce 
effects  which  nothing  but  direct  experience  could 
lender  credible.    The  fragments  of  rock  which  op- 
pose the  torrent,  are  rendered  specifically  lighter  by 
the  fluid  in  which  they  are  immersed,  and  lose  by 
that  means  at  least  a  third  part  of  their  weight : 
they  are,  at  the  same  time,  impelled  by  a  force  pro- 
portional to  the  square  of  the  velocity  with  which 
the  water  rushes  against  them,  and  proportional  al- 
so to  the  quantity  of  gravel  and  stones  which  it  has 
already  put  in  motion.     Perhaps,  after  taking  all 
these  circumstances  into  computation,  in  the  midst 
of  a  scene  perfectly  quiet  and  undisturbed,  a  philo- 
sopher might  remain  in  doubt  as  to  the  power  of 
torrents  to  move  the  enormous  bodies  of  rock  which 
VOL.    I.  B  b 
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are  seen  in  the  bottom  of  the  narrow  valleys 
deep  glens  of  a  mountainous  country  ;  but  his  in- 
credulity, says  an  experienced  traveller,  wiU  cease 
altogether,  if  he  has  been  surprised  by  a  storm  in 
the  midst  of  some  Alpine  region  ;  if  he  has  seen  the 
number  and  impetuosity  of  the  cataracts  which  rush- 
ed down  the  sides  of  the  mountuins,  aud  beheld  the 
ruin  which  accompanied  them  ;  and  if,  when  the 
tempest  was  passed,  he  has  viewed  those  meadows, 
which  a  few  hours  before  were  covered  with  ver- 
dure,  now  buried  under  heaps  of  stones,  or  over- 
whelmed by  masses  of  liquid  mud,  and  the  sides 
of  the  mountains  cut  by  deep  ravines,  where  the 
track  of  the  smallest  rivulet  was  not  before  to  be 
discovered.  * 

It  is  but  rarely,  however,  even  on  occasions  like 
these,  that  such  vast  masses  of  rock  can  be  seen 
actually  in  motion,  as  are  often  found  on  the  sur- 
face, apparently  removed  to  a  great  distance  from 
their  native  place.  The  magnitude  of  these  is  so 
great,  in  many  instances,  that  their  transportation 
cannot  be  explained  without  supposing,  that  the 
surface  was  very  different  when  these  transporta- 
tions took  place  from  what  it  is  at  present }  that 
the  elevation  of  the  mountains  was  greater,  and  the 
ground  smoother  and  more  uniform,  at  least  in  some 


•  See  an  account  of  a  thunder  storm  near  Barr^|^,  m  tlit 
E^sfii  sur  la  Miii^ralogie  des  Pyren^e?,  p.  1 34. 
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directions.  If  these  suppositions  are  admitted,  and 
they  are  countenanced,  as  we  have  already  seen,  by 
abnost  every  phenomenon  in  geology,  the  dilBeuL 
ties  which  present  themselves  here  will  not  appear 
insurmountable. 

851*  One  of  the  largest  blocks  of  granite  that  we 
know  of,  is  on  the  east  side  of  the  lake  of  Geneva, 
called  Pierre  de  Goute,  about  ten  feet  in  height, 
with  a  horizontal  section  of  fifteen  by  twenty.  * 
Another  block  not  far  from  it,  and  nearly  of  the 
same  size,  has  some  remains  of  scliistus  attached  to 
it-    These  stones  very  much  resemble  those  which 
have  fallen  from  the  Aiguilles,  in  the  valley  of  Cha- 
mouni.     Tlie  distance  from  their  present  situation 
to  those  Aiguilles  is  about  thirty  Englisli  mile$» 
with  many  mountains  and  valleys  at  present  inter- 
posed*   By  whatever  means,  therefore,  these  blocks 
were  transported,  their  motion  must  have  been  over 
a  surface  of  much  more  unifoi-m  declivity  than  the 
present*     If  the  surface  was  without  great  inequa- 
iities,  and  its  general  declivity  about  one  foot  in 
thirty,  as  already  computed,  the  glaciers,  in  the 
first  place,  and  the  torrents  afterwards,  may  have 
served  for  the  transportation  even  of  these  rocks. 

352.  Again,  in  the  narrow  vale  or  glen  which 
iseparates  the  Great  from  the  Little  Saleve,  the 
strata  are  all  calcareous,  but  a  great  number  of 
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loose  blocks  of  gninite  and  primary  schistus  are 
scattered  over  the  surface.    A  block  of  the  former, 
near  the  lower  end  of  the  valley,  is  about  the  size 
of  1200  cubic  feet.    Two  other  large  blocks  of  the 
same  kind  of  stone  *rest  on  a  base  of  hoHzoDtal 
limestone,  elevated  two  or  three  feet  above  the 
rest  of  the  surface.    This  elevation  arises  no  doiiht 
from  the  protection  which  the  stones  have  affoixled 
to  the  calcareous  beds  on  which  they  lie,  so  that 
these  beds  do  not  wear  away  so  fast  as  those  which 
are  fully  exposed  to  the  weather.     But  it  is  surely 
to  take  a  very  limited  view  of  the  operations  on  the 
surface,  to  suppose,  with  Saussure,  that  the  parts  of 
the  calcareous  rock  under  these  stones  has  suffered 
no  waste  whatsoever,  so  that  the  stones  remain  now 
in  the  identiad  spot  where  they  were  placed  by  the 
great  tUbdck  which  brought  them  down  from  the 
high  Alps.  *   For  my  part,  I  have  no  doubt  that  the 
Arve,  which  is  still  at  no  great  distance,  when  it  ran 
on  a  higher  level,  and  in  a  line  different  from  the 
present,  aided  by  the  glaciers  and  superior  elevation 
of  the  mountains,  was  an  engine  sufficiently  power* 
ful  for  effecting  the  transportation  of  these  stones. 
353»  These  phenomena  are  not  peculiar  to  the 
Alps,  but  prevail,  in  a  greater  or  less  degree,  in  the 
vicinity  of  all  primary  or  granite  mountains.    In  the 
iisland  of  Arran,  a  fragment  of  the  same  kind  witli 

♦  ibki,  }  227. 
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that  which  constitutes  the  upper  part  of  GoatfieM, 
is  found  on  the  sea  shore,  at  least  three  miles  from 
the  nearest  granite  rock,  and  with  a  bay  of  the  sea 
intervening.  Its  dimensions  are  not  far  from  those 
of  the  pierte  de  Gouti,  In  some  former  state  of 
the  granitic  mountains  in  that  island^  the  declivity 
from  the  top  of  Goattield  may  have  been  very  uni- 
form, and  more  rapid  than  it  is  at  present* 

35%*  Besides  glaciers  and  torrents,  which  have 
D0  doubt  been  the  principal  insitraments  in  produ- 
cing these  changes,  other  causes  may  have  ocaision- 
ally  operated.    Large  stones,  when  once  detached, 
and  resting  on  an  inclined  plane,  from  the  effects  of 
wa^e  and  decomposition,  may  advance  horizontally, 
at  the  same  time  that  they  descend  perpendicularly, 
and  this  will  happeu  though  they  be  not  urged  by 
any  ton*ent,  or  any  thiug  but  their  own  weight ; 
for  the  surface  of  the  ground,  as  it  wastes,  remains 
higher  under  the  stone,  and  for  a  little  way  round 
it,  than  at  a  greater  distance,  on  account  of  the 
protection  which  it  receives  from  the  stone,  as  in 
the  instances  at  Saleve,  just  mentioned.    The  stone 
itself  also  becomes  rounded  at  the  bottom  ;  and 
thus  the  surface  in  contact  with  the  ground  is  dimi- 
nished ia  extent,  and  the  two  surfaces  rendered 
convex  towards  one  another.     It  must  therefore 
happeu,  that  the  support,  continually  weakening, 
will  at  length  give  way,  and  the  stone  incline  or  roll 
toward  the  lower  side,  and  may  even  roll  consider- 


ably,  if  its  centre  of  gravity  has  been  high  above 
its  point  of  support^  and  if  its  surface  has  had  much 
convexity  :  Thus  the  horizontal  may  very  far  ex- 
ceed the  perpendicular  motion  ;  and,  in  the  course 
of  ages,  the  stone  may  travel  to  a  great  distance*  A 
stone,  however,  which  travels  in  this  manner,  must 
diminish  as  it  proceeds,  and  must  have  been  much 
greater  in  the  beginning  than  it  is  at  present. 
»j  355*  This  kind  of  motion  may  be  aided  by 
particular  circumstances.  When  a  stone  rests  on 
an  inclined  plane,  so  as  to  be  in  a  state  not  very 
remote  from  equilibrium,  if  a  part  be  taken  away 
from  the  upper  side,  the  equiltbnum  will  be  lost, 
and  the  stone  will  thereby  be  put  in  motion.  That 
stones  whicli  lie  on  other  stones,  may,  by  wearing, 
be  brought  veiy  near  an  equilibrium,  is  proved  by 
what  are  called  rocking-stones,  or  in  Cornwall  Lo- 
gan stones,  which  have  sometimes  been  mistaken  for 
works  of  art }  but  are  certainly  nothing  else  thafl 
stones,  which  have  been  subjected  to  the  universal 
law  of  wasting  and  decay,  in  such  peculiar  circum- 
stances, as  nearly  to  bring  about  an  equilibrium  of 
that  stable  kind,  which,  when  slightly  disturbed 
re-establishes  itself,  ^     Tlie  Logan  stone  at  the 


•  I  do  not  presume  so  far  as  to  say,  that  all  ruckm^- 
stoneg  are  produced  by  natural  means  :  I  have  not  sttfBcicnt 
information  to  justify  tbat  assertion  ;  but  the  great  ms  fl*' 
that  At  the  Land's  End,  its  elevatetl  position,  and  the  ip* 
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Land's  End,  is  a  mass  of  granite,  weighing  more 
than  sixty  tons,  resting  on  a  rock  of  granite,  of 
considerable  height,  and  close  on  the  sea  shore. 
The  two  stones  touch  but  in  a  small  spot,  their 
surfaces  being  considerably  convex  towards  one 
another.  The  uppermost  is  so  nearly  in  an  equi- 
librium, that  it  can  be  made  to  vibrate  by  the 
strength  of  a  man,  though  to  overset  it  entirely 
would  require  a  vast  force-  This  arises  from  the 
centre  of  gravity  of  the  stone  being  somewhat 
lower  than  the  centre  of  curvature  of  that  part  of 
it  on  which  it  has  a  tendency  to  roll ;  the  conse- 
quence of  which  is,  that  any  motion  impressed  on 
the  stone,  forces  its  centre  of  gravity  to  rise,  (though 
not  very  considerably,)  by  which  means  it  returns 
whenever  the  force  is  removed,  and  vibrates  back- 
ward and  forward,  tiil  it  is  reduced  to  rest.  Were 
it  required  to  remove  the  stone  from  its  place,  it 
might  he  most  easily  done,  by  cutting  off  a  part 
from  one  side,  or  blowing  it  away  by  gunpowder  ; 
the  stone  would  then  lose  its  balancci  would  tum- 

^roaches  toward  aomething  of  the  same  kind  which  are  to  be 
seen  in  other  parts  of  that  shorCj  prove  that  it  is  no  work  of 
art.  They  w^ho  ascribe  it  to  the  Druids,  do  not  consider  the 
rapidity  with  which  tlxe  Cornish  granite  wastes,  nor  think 
how  improbable  it  isj  that  the  conditions  necessary  to  a 
rocking-'Stone^  whether  procUiced  by  nature  or  art>  should 
have  remained  the  mme  lor  t^ixteen  or  i^venteen  hundred 
years* 
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ble  froni  its  pedestal,  and  niig!it  roll  to  a  consider- 
able distance*  Now,  what  art  is  here  supjxjsed  to 
perforin,  nature  herself  in  time  will  probably  effect* 
If  the  wa8te  on  one  side  of  this  great  mass  shall  ex- 
ceed that  on  the  opposite  in  more  than  a  certain 
proportion,  and  it  is  not  likely  that  that  proportion 
will  be  always  maintained,  the  equilibrium  of  the 
Logan  stone  will  be  subverted,  never  to  return. 
Thus  we  perceive  how  motion  may  be  produced  by 
the  combined  action  of  the  decomposition  and  gra* 
vitatiou  of  large  masses  of  rock. 

S56,  Besides  the  gradual  waste  to  which  stones 
exposed  to  the  atmosphere  are  necessarily  subject, 
those  of  a  great  size  appear  to  be  liable  to  splitting, 
and  dividing  into  large  portions,  no  doubt  from 
their  weight-  This  may  be  observed  in  almost  all 
stones  that  happen  to  be  in  such  circumstances  as 
we  are  now  considering  ;  and  from  this  cause  the 
subversion  of  tlieir  balance  may  be  more  sudden, 
and  of  greater  amount^  than  could  be  expected  titiiii 
their  gradual  decay - 

Thus,  if  to  the  wasting  of  a  stone  at  the  bottom, 
we  add  the  accidents  that  may  befaJ  it  in  the  wast* 
ing  of  its  sides,  we  see  at  least  the  physical  possibi* 
lity  of  detached  stones  being  put  in  motion,  mere- 
ly by  their  own  weight.  It  is  indeed  remarkable, 
that  some  of  the  largest  of  these  stones  rest  m 
very  narrow  bases.  Those  at  tlie  foot  of  Sdeve 
touch  the  ground  only  in  a  few  points :    The 
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Boulder  stone  of  Borrowdalc  is  supported  on  a  nar- 
row ridge  like  the  keel  of  a  ship,  and  is  prevented 
from  tumbling  by  a  stone  or  two,  that  serve  as  a 
kind  of  shores  to  prop  it  up-  Very  unexpected 
accidents  sometimes  happen  to  disturb  the  rest  of 
such  fragments  of  rock  as  have  once  migrated  from 
their  own  place,  Saussure  mentions  a  great  mass 
of  Jnpis  vllaris^  *  that  lies  detached  on  the  side  of 
a  declivity  in  the  valley  of  Urseren,  in  the  canton 
of  Uri.  The  people  use  this  stone  as  a  quaiTy, 
and  are  working  it  away  on  the  npper  side,  in  con- 
sequence of  which  it  will  probably  be  soon  overset, 
and  will  roll  to  the  bottom  of  the  valley* 

357.  In  many  instances  it  canoot  be  doubted, 
that  stones  of  the  kind  here  referred  to  are  the  re- 
mains of  masses  or  veins  of  whinstone  or  granite, 
now  worn  away,  and  that  they  have  travelled  but 
a  very  short  way,  or  perhaps  not  at  ail,  from  their 
original  place.  Many  of  the  large  blocks  of  whin- 
stone  which  we  find  in  this  country,  sometimes 
single,  and  sometimes  scattered  in  considerable 
abnndance  over  a  particular  spot,  are  certainly  to 
be  referred  to  this  canse.  But  the  most  remaika- 
ble  examples  of  this  sort  are  the  stones  found  at 
the  Cape  of  Good  Hope»  on  the  hill  called  Faarl- 
berg,  which  takes  its  name  from  a  chain  of  large 
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round  stones,  like  the  pearls  of  a  necklace*  that 
f passes  over  the  summit*  Two  of  these,  placed 
•near  the  highest  points  are  called  the  Pearl  and 
the  Diamond,  and  were  mentioned  several  years 
ago  in  the  Philosophical  Transactions.  *  From  a 
more  recent  account,  these  stones  appear  to  be  a 
species  of  granite,  though  the  hill  on  which  they 
lie  is  composed  of  sandstone  strata*  t  The  Pearl 
is  a  naked  rock,  that  rises  to  the  height  of  400 
feet  above  the  summit  of  the  hill ;  the  Diamond 
is  higher,  but  its  base  is  less,  and  it  is  more  inacces- 
sible. 

From  the  above  stones  forming  a  regular  chain^ 
as  well  as  from  the  immense  size  of  the  two  lai^g- 
est,  it  is  impossible  to  suppose  that  they  have  been 
moved  ;  and  it  is  infinitely  more  probable,  that  they 
are  parts  of  a  granite  vein,  which  runs  across  the 
sandstone  strata,  and  of  which  some  parts  have  re- 
sisted the  action  of  the  weather,  while  the  rest 
have  yielded  to  it.  The  whole  geological  history 
of  this  part  of  Africa  seems  highly  interesting, 
since,  as  far  as  can  be  collected  from  the  accounts 
of  the  ingenious  traveller  just  mentioned,  it  con- 
sists of  horizontal  beds  of  sandstone  or  limestonev 
resting  immediately  on  granite,  or  on  primary 

•  Vol.  LXVIIL  p.  102, 

t  Barrow's  Travels  into  Soutliern  Africa^  p.  CO* 
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Scbistus.  Loose  blocks  of  granite  are  seen  in 
great  abundance  at  the  foot  of  the  Table  Moun- 
tain, and  along  the  sea  shore- 


S58»  The  system  which  accounts  for  such  phe- 
nomena  as  have  been  coDsidered  in  this  and  some 
of  the  preceding  notes,  by  the  operation  of  a  great 
deluge,  or  debacle^  as  it  is  called,  has  been  already 
mentioned.  In  Dr  Hutton*8  theory,  nothing 
whatever  is  ascribed  to  such  accidental  and  un- 
known causes ;  and,  though  their  existence  is  not 
absolutely  denied,  their  effects,  whatever  they  may 
have  been,  arc  alleged  to  be  entirely  obliterated,  so 
tliat  they  can  be  referred  to  no  other  class  but  that 
of  mere  possibilities.  A  minute  discussion,  how- 
ever, of  the  question,  Whether  there  are,  on  the 
slurface  of  the  earth,  any  effects  that  require  the 
interposition  of  an  extraordinary  cause,  would  lead 
into  a  longer  digression  than  is  suited  to  this  place, 
I  shall  briefly  state  what  appear  to  be  the  principal 
objections  to  all  such  explanations  of  the  phenome- 
na of  geology- 

S59.  The  general  structure  of  valleys  among 
mountains,  is  highly  unfavourable  to  the  notion 
that  they  were  produced  by  any  single  great  tor- 
rent,  which  swept  over  the  surface  of  the  earth. 
In  some  instances,  valleys  diverge,  as  it  were  from 
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a  centre,  in  all  directions.  In  others,  they  origi- 
nate from  a  ridge,  and  proceed  with  equal  depth 
and  extent  on  both  sides  of  it,  plainly  indicating, 
that  the  force  which  produced  them  was  nothitigy 
or  evanescent  at  the  summit  of  that  ridge,  and  in- 
creased on  both  sides,  as  the  distance  from  the 
ridge  increased.  The  working  of  water  collected 
from  the  rains  and  the  snows,  and  seeking  its  way 
from  a  higher  to  a  lower  level,  is  the  only  cause  we 
know  of,  which  is  subject  to  this  law. 

360,  Again,  if  we  consider  a  valley  as  a  space, 
which  perhaps  with  many  windings  and  irregulari- 
ties, has  been  hollowed  out  of  the  solid  rock,  it  is 
plain,  that  no  force  of  water,  suddenly  applied, 
could  loosen  and  remove  the  great  mass  of  stone 
which  has  actually  disappeared.  The  greatest  co- 
lumn of  water  that  could  be  brought  to  act  against 
such  a  mass,  whatever  be  the  velocity  we  ascribe  to 
it,  could  not  break  asunder  and  displace  beds  of 
rock  many  leagues  in  length,  and  in  continuity  with 
the  rock  on  either  side  of  them.  The  slow  work- 
ing of  water,  on  the  other  hand,  or  the  powers  that 
we  see  every  day  in  action,  ai*e  quite  sufficient  for 
this  effect,  if  time  only  is  allowed  them. 

f56l.  Some  valleys  are  so  paiticularly  construe 
ed,  as  to  carry  with  them  a  still  stronger  refutatic 
of  the  existence  of  a  debacle.   These  are  the  lont 
tudinal  valleys,  which  have  the  openings  by  whici 
the  water  is  discharged,  not  at  one  extremity,  but 
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at  the  broadside.  Such  is  that  on  the  east  side  of 
Mont  Blanc,  deeply  excavated  on  the  confines  of 
the  granite  and  achistus  rock,  and  extending  paral- 
lel to  the  beds  of  the  latter,  from  the  Col  de  la 
Seigne  ta  the  Col  de  Ferret ;  its  opening  is  nearly 
in  the  middle,  from  which  the  Dora  issues,  and 
takes  its  course  through  a  great  valley,  nearly  at 
right  angles  to  the  chain  of  the  Alps,  and  to  the 
valley  just  mentioned.  From  the  structure  of  these 
valleys,  Saussure  has  argued  very  justly  against 
Bufibn's  hypothesis,  concerning  the  formation  of 
valleys  by  currents  at  the  bottom  of  the  sea.  *  It 
affords  indeed  a  complete  refutation  of  that  hypo* 
thesis  :  and  it  affords  one  no  less  complete  of  the 
system  which  Saussure  himself  seems  on  some  oc- 
casions so  much  inclined  to  support.  For  if  it  be 
said,  that  this  valley  was  cut  out  by  the  current  of 
a  debacle^  that  current  must  either  have  run  in  the 
direction  of  the  valley  of  Ferret,  or  in  that  of  the 
Dora,  which  issues  from  it.  If  it  had  the  direc- 
tion of  the  first,  it  could  not  cut  out  the  second  ; 
and  if  it  had  the  direction  of  the  second,  it  could 
not  cut  out  the  first*  Besides,  the  force  which  ex- 
cavated this  valley  must  have  been  nothing  at  the 
two  extreme  points,  viz.  at  the  Col  de  la  Seigne 
and  the  Col  de  Ferret,  and  must  have  increased 
with  the  distance  from  each.     It  can  have  been 
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produced,  therefore,  only  by  the  runiiiiig  of  twa^ 
streams  in  opposite  directions,  on  a  surface  tha 
was  but  slightly  uneven,  these  streams  at  meetii 
taking  a  new  direction,  nearly  at  right  angles  tc 
the  fonner,  A  clearer  proof  could  hardly  be 
quired  than  is  afforded  in  this  case,  that  what 
now  a  deep  valley  was  formerly  solid  rock,  whicl 
the  ranning  of  the  waters  has  gradually  wor 
away ;  and  that  the  waters,  when  they  began 
run,  were  on  a  level  as  high,  at  least,  as  the  tof 
of  those  mountains  by  which  the  valley  is  bounded 
toward  the  lower  side. 

362.  Longitudinal  valleys,  with  the  w^ater  burst 
ing  out  transversely  from  their  sides,  like  the  pr 
ceding,  are  by  no  means  confined  to  mountains  o| 
the  first  order.     We  have  a  very  good  example,^ 
though  on  a  small  scale,  of  a  valley  of  this  sor 
within  a  few  miles  of  Edinburgh.     The  Pentland 
Hills  form  a  double  ridge,  separated  by  a  ama 
longitudinal  valley,  that  runs  from  N.  E.  to  S»  W.J 
the  water  of  which  issues  from  an  opening  almos 
in  the  middle,  and  directed  towards  the   souths 
This,  tlierefore,  is  not  the  work  of  any  gieat  tor*1 
rent,  which  overwhelmed  the  country  ;  for  no  om 
direction,  which  it  is  possible  to  assign  to  such  a] 
torrent,  will  afford  an  explanation,  both  of  the  val* 
ley  and  its  outlet.  * 
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363»  They  who  maintam  the  existence  of  the 
dibdcle,  will  no  doubt  allege,  that  though  these 

is  extremely  rare  in  any  part  of  the  worlds  in  accounting  for 
Yfhicbj  the  hypothesii*  of  a  torrent  or  dihade  mighty  if  any 
where,  be  employed  to  advantage-  Tliis  is  the  vailey  which 
extends  across  the  island,  from  Inverness  to  Fort  William, 
or  from  sea  to  sea,  being  open  at  both  ends,  and  very  little 
elevated  in  the  middle.  It  is  nearly  straight,  and  of  a  very 
uniform  breadth,  except  tliat  towards  each  end  it  widens 
considerably.  The  bottom^  reckoning  transversely,  is  fiat, 
without  any  gradual  slope  from  the  sides  towards  the  mid- 
dle. From  the  sides  the  mountains  ri^e  immediately,  and 
form  two  continued  ridges  of  great  height,  like  ramparts  or 
embankments  on  each  side  of  a  large  fosse.  A  great  p^l  of 
the  bottom  of  tlxis  singuliur  valley  is  occupied  by  lakes, 
namely,  Loch  Ness,  Loch  Oich,  and  Loch  Lochy.  Its 
length  is  about  sixty -two  miles,  and  the  point  of  |>artition 
from  which  the  waters  run  different  ways,  viz.  north-east  to 
the  German  Ocean,  and  soutli-west  to  the  Atlantic,  is  be- 
tween Loch  Oich  and  Loch  Lochy ;  and,  by  the  estimation 
of  the  eye,  I  should  hardly  think  that  it  is  elevated  more 
than  ten  or  fifteen  feet  above  the  surface  of  either  lake.  The 
ooantry  on  both  sides  is  rugged  and  mountainous,  and  the 
streams  which  descend  from  thence  into  die  valley,  either 
fall  directly  into  the  lakes,  or  turn  off  almost  at  right  angles 
when  they  enter  the  valley.  Though  tlie  bottom  of  this  val-* 
ley,  tlierefore,  is  every  where  alluvial,  with  the  exception, 
perhaps,  of  a  few  rocks  which  appear  at  the  surface,  it  is  cer- 
tainly not  excavated  by  the  rivers  which  now  flow  in  it 
The  direction  of  the  valley,  it  is  to  be  observed,  is  the  same 
with  that  of  the  vertical  strata  whidi  compose  the  mountnin^ 
on  either  side. 
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▼alleys  were  not  cut  out  by  means  of  it,  yet  others 
may.    But  it  must  be  recollected,  that  if  some  of 


Here,  then,  we  have  a  valley,  not  cut  out  by  the  wcHrking 
of  any  streams  which  now  appear ;  and  we  may  therefore 
make  trial  of  the  hypothesis  of  a  d(b6cle.  This«  however, 
will  afford  us  no  assistance  ;  because,  if  we  suppose  what  is 
now  hollow  to  have  been  once  occupied  by  the  same  kind  of 
rock  which  is  on  either  side,  no  force  of  torrents  am  have 
suddenly  loosened  and  removed  from  its  place  a  body  of  audi 
vast  magnitude.  A  greater  column  of  water,  than  one  hav- 
ing for  its  base  a  transverse  section  of  the  valley,  could  not 
act  against  it,  and  this  would  have  to  overcome  the  cdiesiao 
and  inertia  of  a  column  of  rock  of  the  same  section,  and  of 
the  length  of  sixty-two  nudes.  It  is  not  haxarding  mudi  to 
affirm,  that  no  velocity  which  could  be  communicated  to 
water,  not  even  that  which  it  could  acquire  by  fiJling  from 
an  infinite  height,  could  give  to  it  a  force  in  any  degree  ade- 
quate to  this  great  effect. 

The  explanation  of  this  valley,  which  appears  to  me  the 
most  probable,  is  the  following.  It  will  be  shown  hereaftar, 
that  there  is  good  reason  to  suppose,  that,  in  most  parts  of 
our  island,  the  relative  level  of  the  sea  and  land  has  been  in 
past  ages  considerably  higher  than  it  is  at  present.  In  such 
circumstances,  this  valley  may  have  been  under  the  surface 
of  the  sea,  the  highest  part  of  it  being  scarcely  100  feet 
above  that  level  at  present  It  may  have  been  a  kind  of 
sound,  therefore,  or  strait,  which  connected  the  German  Set 
with  the  Atlantic  ;  and  the  strong  currents,  which,  on  ac- 
count of  the  different  times  of  high  water  in  these  two  seas, 
must  have  run  alternately  up  and  down  this  strait,  may  have 
produced  that  flatness  of  the  bottom,  and  straightness  of  the 
sides,  and  that  widening  at  the  extremities,  which  are  men- 
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the  greatest  and  deepest  valleys  on  the  face  of  the 
earth,  such  as  that  just  mentioned^  on  the  east  side 
of  Mont  Blanc,  are  thus  sho^ra  to  be  the  work  of 
the  daily  wasting  of  the  surface,  what  other  in- 
equalities can  be  great  enough  to  require  the  inter- 
position of  a  more  powerful  cause  ?  If  a  dignns 
vindke  nodus  does  not  exist  here,  in  what  part  of 
die  natural  history  of  the  earth  is  it  likely  to  be 
found  ? 

3G4!*  The  large  masses  of  rock  so  often  met  with 
at  a  distance  from  their  original  place,  are  one  of 
the  arguments  used  for  the  debacle*     It  has,  how- 
ever, been  shown,  that,  supposing  a  form  of  the 
earth's  surface  considerably  different  from  the  pre- 
sent, especially,  supposing  the  absence  of  the  val- 
leys which  the  rivers  have  gradually  cut  out,  the 
transportation  of  such  stones  is  not  impossible,  even 
by  such  powers  as  nature  employs  at  present-    Now, 
ivithout  the  supposition  that  the  surface  was  more 
continuous,  and  that  its  present  inequalities  did  not 
€xist,  no  force  of  torrents,  whatever  their  velocity 
mnd  magnitude  may  have  been,  could  have  produc- 

tioned  above.  In  this  way,  too,  some  difficulties  are  remov- 
ed relative  to  Loch  Ness,  which  is  so  deep  as  hardly  to  be 
consistent  with  the  indefinite  length  of  the  period  of  waste 
that  must  be  ascribed  to  the  mountains  on  each  side  of  it. 
Its  depth  is  said,  where  greatest,  not  to  be  less  than  180 
£ithoms.  According  to  this  hypothesis,  it  may,  at  no  very 
dtfttant  periodj  have  been  a  part  of  the  bottom  of  the  sea. 
VOL-  u  t:  C 
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ed  this  transportation*  No  force  of  water  could 
raise  a  stone  like  the  pierre  de  Gouii  from  the  bot- 
tom of  a  valleyt  to  the  top  of  a  steep  hill.  Indeed^ 
if  we  suppose  a  great  fragment  of  rock  to  be  hur- 
ried along  on  a  horizontal  or  an  inclined  plane,  by 
the  force  of  water,  the  moment  it  comes  to  a  deep 
valley,  and  has  to  rise  up  over  an  ascent  of  a  cer- 
tain steepness,  it  will  remain  at  rest ;  the  water  it- 
self will  lose  its  velocity,  and  the  heavy  bodies 
which  it  carried  with  it  wUl  proceed  no  farther* 
Tlius,  therefore,  we  have  the  following  dilemma. 
If  the  surface  is  not  supposed  to  have  had  a  certain 
degree  of  uniformity  in  past  times,  a  dibdcle  is  m- 
sufficient  for  the  transportation  of  stones  :  If  it  ii 
supposed  to  have  had  that  uiiifarmity,  a  dibdcle  h 
unnecessary* 

3C)5,  Another  fact,  which  has  been  supposed  ft- 
vourable  to  the  opinion  of  the  action  of  great  tor* 
rents  at  some  former  period,  Is,  that  in  countries 
like  that  round  Edinburgh,  where  wlifnstone  hilk 
rise  up  from  among  secondary  strata,  a  remarkable 
uniformity  is  observed  in  the  direction  of  their 
abrupt  faces.  Thus,  in  the  country  just  mention- 
ed, the  steep  faces  generally  front  the  west,  whiles 
in  the  opposite  direction,  the  slope  is  gentle,  and 
the  hills  decline  gradually  into  the  plain.  Hence 
it  is  supposed,  that  a  torrent,  sweeping  from  west 
to  east,  has  carried  off'  the  strata  from  the  west  side 
of  these  hills,  but,  being  obstructed  by  the  whinstone 
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rock,  has  left  the  strata  on  the  east  side  in  their  na- 
tural place- 
But,  besides  that  no  force  which  can  ever  be  as- 
cribed to  a  torrent  could  have  removed  at  once  bo- 
dies of  strata  300  or  400  feet,  nay  even  800  or 
1000  in  thickness,  which  must  have  been  the  case 
if  this  were  the  true  explanation  of  the  fact,  there  is 
a  circumstance  which  may  perhaps  enable  us  to  ex- 
plain these  phenomena  without  the  assistance  of  any 
extraordinary  cause.  The  secondary  strata  in  which 
the  whinstone  hills  are  found  in  this  part  of  Scot- 
land, are  not  horizontal,  but  rise  or  head  towards 
the  west,  dipping  towards  the  east.  The  side, 
therefore,  of  the  whinstone  hills  which  is  precipi- 
tous, is  the  same  with  that  towards  which  the  strata 
rise-  Now,  from  the  manner  in  which  these  hills 
are  supposed  to  have  been  elevated,  the  strata  are 
likely  to  have  been  most  broken  and  shattered  to* 
wards  that  side,  while,  on  the  opposite,  they  had 
the  support  of  the  whinstone  rock.  They  would  be- 
come a  prey,  therefore,  more  easily  to  the  common 
causes  of  erosion  and  waste  on  the  upper  side  than 
CO  the  lower*  The  streams  that  flowed  from  the 
higher  grounds  would  wear  them  on  the  fonner 
most  readily ;  and  the  action  of  these  streams 
would  be  resisted  by  the  superior  hardness  of  the 
whinstone,  just  as  the  great  torrent  of  the  debacle 
is  supposed  to  have  been. 

It  should  also  be  observed,  that  this  fact  of  the 
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uniform  direction  of  the  abrupt  faces  of  mountains, 
is  often  too  hastily  generalized.  In  primitive  coun- 
tries, it  is  no  farther  observed  than  by  the  steep 
faces  of  the  mountains  being  most  frequently  turn- 
ed toward  the  central  chain.  In  Scotland,  as  soon 
as  you  leave  the  flat  country,  and  enter  the  High- 
lands, the  scarps  of  the  hills  face  indiscriminately 
all  the  points  of  the  compass,  and  are  directed  ji 
often  to  the  east  as  to  the  west. 


« 


366.  WTiere  the  strata  are  nearly  horizontal, 
they  afford  the  most  distinct  information  concern* 
ing  the  direction  and  progress  of  the  wasting  of  the 
land.     The  inclined  position  of  the  strata,  which  in 
all  other  cases  must  enter  for  so  much  into  our  esti- 
mate of  the  causes  which  have  produced  the  present 
inequality  of  the  earth's  surface,  disappears  there 
entirely  j  and  the  whole  of  that  inequality  is  to  be 
ascribed  to  the  operations  at  the  surface,  whether 
they  have  been  sudden  or  gradual.     A  very  im- 
portant fact  from  a  country  of  this  sort,  is  related 
by  Barrow,  in  his  Travels  into  Southern  Africa* 
The  mountains  about  the  Cape  of  Good  Hppe, 
and  as  far  to  the  north  as  that  ingenious  traveller 
prosecuted  his  journey,  are  chiefly  of  horizontal 
strata  of  sandstone  and  limestone,  exhibiting  the 
appearance,  on  their  abrupt  sides,  of  regular  layers 
of  masonry,  of  towers,  fortifications,  &c«     Naw, 
among  all  these  mountains,  he  obseiTed,  that  the 
high  or  steep  sides  look  constantly  down  the  rivers, 
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while  the  sloping  or  inclined  sides  have  just  the  op- 
posite direction.  When,  in  travelling  noithward, 
lie  paased  the  line  of  partition,  where  the  waters 
[from  running  sooth  take  their  direction  to  the 
[north,  he  found,  that  the  gradual  slope,  which  had 
hitherto  been  turned  to  the  north,  was  now  turned 
to  the  south  :  The  abnipt  aspect  of  the  mountains, 
in  like  manner,  from  facing  the  south,  was  directed 
to  the  north  ;  so  that,  in  both  cases,  the  hills  tuin- 
ed  their  backs  on  the  line  of  greatest  elevation.  ♦ 

It  is  evident,  therefore,  that  the  form  of  this 
land  has  been  determined  by  the  slow  working  of 
the  streams.  The  causes  which  produced  the  ef- 
fects here  described,  began  their  action  from  the 
liae  of  greatest  elevation,  and  extended  it  from 
thence  on  both  sides,  in  opposite  directions.  This 
b  the  most  precise  character  that  can  mark  the  al- 
lavial  opei*ations,  and  distinguish  thein  from  the 
overwhelming  pow  er  of  a  great  debacle* 

367.  Lastly,  If  there  were  any  where  a  hill,  or 
any  large  mass  composed  of  broken  and  shapeless 
stones,  thrown  together  like  rubbish,  and  neither 
worked  into  gravel  nor  disposed  with  any  regulari- 
ty, we  must  ascribe  it  to  some  other  cause  than  the 
ordinary  detritus  and  wasting  of  the  land.  This, 
towever,  has  never  yet  occurred  j  and  it  seems 
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best  to  wut  till  the  phenomenon  is  observed,  before 
we  seek  for  the  explanation  of  it. 

368.  These  ai^uments  appear  to  me  condusive 
against  the  necessity  of  supposing  the  action  of 
sudden  and  irr^ular  causes  on  the  sorfiioe  of  the 
earth.    In  this,  however,  I  am  perhaps  deceived : 
neither  Pallas,  nor  l^ussure,  nor  Dolomien,  nor 
any  other  author  who  has  espoused  the  bypodietts 
of  such  causes,  has  explained  his  notions  with  any 
precision ;  on  the  contrary,  they  have  all  spokai 
with  3uch  reserve  and  mystery,  as  seemed  tobetrsy 
the  weakness,  but  may  have  concealed  the  strengdi 
of  their  cause.    I  have  therefore  been  eomfaatiiig 
an  enemy,  that  was  in  some  respects  unknown; 
and  I  may  have  supposed  him  dislodged,  only  be* 
cause  I  could  not  penetrate  to  his  stronghoMi. 
The  question,  however,  is  likely  soon  to  asrame  s 
more  determinate  form.     A  zealous  friend  of  Dr 
Hutton's  theory,  has  lately  *  declared  his  iq^probi- 
tion  of  the  hypothesis  which  has  here  been  repro- 
sented  as  so  adverse  to  that  theory ;  and,  firmn  loi 
ability  and  vigour  of  research,  it  is  likely  to  receive 
every  improvement  of  which  it  is  susceptible. 

f  Trans.  Royal  Society  Edin.  Vol.  V.  p.  69, 


» 


HUTTONIAH  THEORY.  407 

Note  xix.  §  117. 
Transportation  of  Materials  by  the  Sea. 

S69.  The  existence  of  the  great  and  extensive 
operations,  by  which  the  spoils  of  the  land  are  car- 
ried all  over  the  ocean,  and  spread  out  on  the  bot- 
tom of  it,  may  be  supposed  to  require  some  further 
elucidation-  We  must  attend,  therefore,  to  the 
following  circumstances. 

When  the  detritus  of  the  land  is  delivered  by 
the  rivers  into  the  sea,  the  heaviest  parts  are  depo- 
sited first,  and  the  lighter  are  carried  to  a  greater 
distance  from  the  shore.  The  accumulation  of 
matter  which  would  be  made  in  this  manner  on 
the  coast,  is  prevented  by  the  farther  operation  of 
the  tides  and  currents,  in  consequence  of  which 
the  substances  deposited  continue  to  be  worn  away, 
and  are  gradually  removed  farther  from  the  land. 
The  reality  of  this  operation  is  certain  ;  for  other- 
wise we  should  have  on  the  sea  shore  a  constant 
and  unlimited  accumulation  of  sand  and  gravel, 
which,  being  i>erpetually  brought  down  from  the 
land,  would  continually  increase  on  the  shore,  if 
nature  did  not  employ  some  machinery  for  remov- 
ing the  advanced  part  into  the  sea,  in  proportion 
to  the  supply  from  behind.  i\ 
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The  constant  agitation  of  the  waters,  and  the 
declivity  of  the  bottom,  are  no  doubt  the  causes  of 
this  gradual  and  widely  extended  deposition.     A 
soft  mass  of  alluvial  deposit,  having  its  pores  filled 
with  water,  and  being  subject  to  the  Tibrations  of 
a  superincumbent  fluid,  will  yield  to  the  pressure 
of  that  fluid  on  the  side  of  the  least  resistance^ 
that  is,  on  the  side  toward  the  sea,  and  thus  will 
be  gradually  extended  more  and  more  over  the 
bottom.      This  will  happen  not  only  to  the  finer 
parts  of  the  detritus,  but  even  to  the  grosser,  such 
as  sand  and  gravel.     For  suppose  that  a  body  of 
gravel  rests  on  a  plane  somewhat  inclined,  at  the 
same  time  that  it  is  covered  with  water  to  a  consi- 
derable depth,  that  water  being  subject  not  only  to 
moderate  reciprocations,  but  also  to  such  violent 
agitation  as  we  see  occasionally  comniuDicated  to 
the  waters  of  the  ocean  ;  the  gravel,  being  render- 
ed lighter  by  its  immersion  in  the  water,  and  on 
that  account  more  moveable,  will,  when  the  undu- 
lations are  considerable,  be  alternately  heaved  up 
and  let  down  again.     Now,  at  each  time  that  it  is 
heaved  up,   however  small  the  space  may  be,  it 
must  be  somewhat  accelerated  in  its  descent,  and 
will  hardly  settle  on  the  same  point  where  it  rested 
before.     Thus  it  will  gain  a  little  ground  at  each 
undulation,  and  will  slowly  make  its  way  towards 
the  depths  of  the  ocean,  or  to  the  lowest  situation 
it  can  reach.     This^  as  far  as  we  may  presume  ta 
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follow  a  progress  which  is  not  the  subject  of  imnte- 
diate  observation,  is  one  of  the  great  means  by 
which  loose  materials  of  every  kind  are  transported 
to  a  great  distance,  and  spread  out  in  beds  at  the 
bottom  of  the  ocean. 

370.  The  lighter  parts  are  more  easily  carried 
to  great  distances,  being  actually  suspended  in  the 
water,  by  which  they  are  very  giadually  and  slow- 
ly  deposited.  A  remarkable  proof  of  this  is  fur- 
nished from  an  observation  made  by  Lord  MuU 
grave,  in  his  voyage  to  the  North  Pole.  In  the 
latitude  of  65°  nearly,  and  about  250  miles  distant 
from  the  nearest  land,  which  was  the  coast  of  Nor- 
way, he  sounded  with  a  line  of  683  fathoms,  or 
4098  feet;  and  the  lead,  when  it  struck  the 
ground,  sunk  in  a  soft  blue  clay  to  the  depth  of  ten 
feet,  *  The  tenuity  and  fineness  of  the  mud, 
idiich  allowed  the  lead  to  sink  so  deep  into  it, 
must  have  resulted  from  a  deposition  of  the  lighter 
kinds  of  earth,  which  being  suspended  in  the  wa- 
ter, had  been  carried  to  a  great  distance,  and  w^ere 
now  without  doubt  forming  a  regidar  stratum  at 
the  bottom  of  the  sea. 

371*  The  quantity  of  detritus  brought  down  by 
the  rivers,  and  distributed  in  this  manner  over  the 
bottom  of  the  sea,  is  so  great,  that  several  narrow 
seas  have  been  thereby  rendered  sensibly  shallower. 
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The  Baltic  has  beenoompated  to  deerane  in  depth 
at  the  rate  of  forty  inches  in  a  hundred  yeara^  The 
Yellow  Sef^  which  k  a  Urge  gulf  contained  betireen 
the  coaat  of  Cbm  and  the  peninauk  of  Cofea»  re- 
ceives so  much  mud  from  the  great  rivers  that  run 
into  it»  that  it  takes  its  colour,  as  well  as  its  name, 
from  that  circumstance ;  and  theEuropean  mariners^ 
who  have  lately  navigated  it,  observed,  that  the 
mud  was  drawn  up  by  the  ships,  so  as  to  be  viaiUe 
in  their  wake  to  a  cmisiderahle  distance*  *  Com- 
putations have  been  made  of  the  time  that  it  will 
require  to  fill  up  this  gulf,  and  to  withdiaw  it  en- 
Urely  Irom  the  dominion  of  the  ocean :  but  the 
data  are  not  sufficiently  exact  to  afford  any  precise 
ilBsult,  and  are  no  doubt  particularly  defective  from 
this  cause,  that  much  of  the  earth  carried  into  the 
gulf  by  the  rivers,  must  be  carried  out  of  it  by 
the  currents  and  tides,  and  the  finer  parts  waflaed 
prpbabjy  to  great  distances  in  the  Pacific  Ocean,  t 
The  mere  attempt,  however,  towards  such  a  com- 
putation, shows  how  evident  the  progress  of  filling 


*  Staunton's  Account  of  the  Embassy  to  Chipa,  VoL  I.  p. 
448. 

f  Pdrouse^  in  sailing  along  tlie  coast  of  China^  firom  For- 
mosa to  the  strait  between  Corea  and  Japan^  thougb  gene— 
i^y  fifty  or  sixty  leagues  from  th^  land,  had  (Mimdings  afc 
|he  depth  of  forty-five  fathoms^  and  sometimes  at  that  oiE 
twenty-two.     Atlas  du  Voyage  de  la  Perouse^  No.  43. 
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Up  is  to  every  attentive  observer ;  and,  though  it 
may  not  ascertain  the  measure,  it  sufficiently  de- 
clares the  reality  of  the  operations,  by  which  the 
waste  of  the  present  continents  is  made  subservient 
to  the  formation  of  new  land, 

372.  Sandbanks,  such  as  abound  in  the  German 
Ocean,  to  whatever  they  owe  their  origin,  are  cer* 
tainly  modified,  and  their  form  detennined,  by  the 
tides  and  currents.  Without  the  operation  of  these 
last,  banks  of  loose  sand  and  mud  could  hardly  pre- 
serve their  form,  and  remain  intersected  by  many 
narrow  channels.  The  fonnation  of  the  banks  on 
the  coast  of  Holland,  and  even  of  the  Dogger 
Bank  itself,  has  been  ascribed  to  the  meeting  of 
tides,  by  which  a  state  of  tranquillity  is  produced 
in  the  waters,  and  of  consequence  a  more  copious 
deposition  of  their  mud.  Even  the  great  bank  of 
Newfoundland  seems  to  be  determined  in  its  extent 
by  the  action  of  the  Gulf  stream.  In  the  North 
Sea,  the  current  which  sets  out  of  the  Baltic,  has 
evidently  determined  the  shape  of  the  sandbanks 
opposite  to  the  coast  of  Norway,  and  produced  a 
circular  sweep  in  them,  of  which  it  is  impossible  to 
mistake  the  cause. 

In  proof  of  the  action  here  ascribed  to  the  waters 
of  the  sea,  in  transporting  materials  to  an  unlimit- 
ed extent,  we  may  add  the  well  known  observation, 
that  the  stones  brought  up  by  the  lead  from  the 
bottom  of  the  sea*  are  generally  round  aud  pulish- 
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ed,  hardly  ever  sharp  and  angular.     This  coul 
[never  happen  to  stones  that  were  not  subject 
[perpetual  attrition. 

873.  Currents  are  00  doubt  the  great  agents 
[  diffusing  the  detritus  of  the  land  over  the  bottoi 
of  the  sea*    These  have  been  long  known  to  exist  | 
but  it  is  only  since  the  later  improvements  in  nav 
gation,  that  they  have  been  understood  to  consti- 
tute a  system  of  great  permanence,  regularity,  ^i4H 
extent,  connected  with  the  trade  winds,  and  other 
circumstances  in  the  natural  history  of  the  globe* 
The  Gulf  stream  was  many  years  since  observed 
transport  the  water,  and  the  temperature  of 
tropical  regions  into  the  climates  of  the  north  ;  anj 
we  are  indebted  to  the  researches  of  Major  Rennell, 
for  the  knowledge  of  a  great  system  of  currents,  of 
which  it  is  only  a  part.     That  geographer,  who  is 
so  eminent  for  enriching  the  details  of  his  science, 
with  the  most  interesting  facts  in  history  or 
physics,  has  shown,  that  along  the  eastern  coast 
Africa,  from  about  the  mouth  of  the  Red  Sea, 
current  fifty  leagues  in  breadth  sets  continually  tc 
wards  the  southwest*  *     It  doubles  the  Cape 
Good  Hope,  runs  from  thence  northwest,  preserv- 
ing on  the  whole  the  direction  of  the  coast,  but 
reaching  so  far  into  the  ocean,  that,  about  the  pa- 
rallel of  St  Helena,  its  breadth  exceeds  1000  miles. 


'4 
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»  Gco^aphy  of  Herodotus^  p.  67^ 
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From  thence,  as  it  approaches  the  line,  its  direc- 

ttion  is  more  nearly  east ;  and  meethig  in  the  pa- 
rallel of  8^^  north,  with  a  current  which  has  come 
along  the  western  coast  of  Africa  from  the  north, 
the  two  united  stretch  across  the  Atlantic,  in  a  line 
somewhat  south  of  west,  and  in  a  very  wide  and 
rapid  stream.  This  stream  meets  the  American 
land  at  Cape  St  Roque,  where  it  is  joined  by  ano- 
f  ther  coming  up  along  the  eastern  shore  of  that  con- 
tinent, and  directed  towards  the  north*  They 
proceed  northward  together  till  they  enter  the 
Gulf  of  Florida,  from  which  being  as  it  were  re- 
flected, they  form  the  Gulf  stream,  passing  along 
the  coast  of  North  America,  and  stretching  across 
the  Atlantic  to  the  British  Isles.  From  thence 
the  current  turns  to  the  south,  and,  proceeding 
down  the  coast  of  Spain  and  Africa,  meets  the 
stream  ascending  from  the  south,  as  already  de- 
scribed, and  thus  continues  in  perpetual  circula- 
tion. The  velocity  of  these  currents  is  not  less 
remarkable  than  their  extent*  At  the  Cape  of 
Good  Hope,  the  rate  is  thirty  nautical  miles  in 
twenty  four  hours ;  in  some  places  forty  five  i  and 
under  the  line  seventy  seven.  ^VTien  the  Gulf 
stream  issues  from  the  Straits  of  Bahama,  it  runs 
at  the  rate  of  four  miles  an  hour,  and  proceeds  to 
the  distance  of  1800  miles,  before  its  velocity  is  re- 
duced to  half  that  quantity.  In  the  parallel  of 
38**,  near  1000  miles  from  the  above  strait,  the 
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water  of  the  stream  has  been  found  teii  degreed  " 
I  warmer  than  the  air, 

374*  The  course  of  the  Gulf  stream  is  so  fixed 
and  regular,  that  nuts  and  plant^s  from  the  West 
Indies  are  annually  thrown  ashore  on  the  Western 
Ishmds  of  Scotland.  The  mast  of  a  man  of  war, 
burnt  at  Jamaica,  was  driven  several  months  after- 
wards on  the  Hebrides,  ♦  after  perfonning  a  voyage 
of  more  than  4000  miles,  under  the  direction  of  a 
current,  which,  in  the  midst  of  the  ocean,  main- 
tains its  course  as  steadily  as  a  river  does  upon  the 
land. 

The  great  system  of  currents  thus  traced  through 
the  Atlantic,  has  no  doubt  phenomena  correspond- 
ing to  it  in  the  Indian  and  Pacific  Oceans,  which 
the  industry  of  future  navigators  may  discover. 
The  whole  appears  to  be  connected  with  the  trade 
winds,  the  figure  of  our  continents,  the  tempera- 
ture of  the  seas  themselves,  and  perhaps  with  some 
inequalities  in  the  structure  of  the  globe.  The  dis- 
turbance produced  by  tl\ese  causes  in  the  equil 
briuni  of  the  sea,  probably  reaches  to  the  very  hot 
tom  of  it,  and  gives  rise  to  those  counter  current 
which  have  sometimes  been  discovered  at  great 
depths  under  the  surface,  t 

The  great  transportation  of  materials  that  must 
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•  Pemiaiit's  Arctic  Zoology,  InU"od.  p.  70, 
t  Histoire  Natiirelle  de  Btiflmi,  Supplement,  Tom.  IX 
p.  47f).   Hvii. 
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result  from  the  action  of  these  combined  currents  is 
obvious,  and  serves  not  a  little  to  diminish  our 
wonder,  at  finding  the  productions  of  one  climate 
80  frequently  inchided  among  the  fossils  of  an- 
other.  Amid  all  the  revolutionn  of  the  globe,  the 
economy  of  nature  hiis  been  uniforai,  in  this  re- 
spect, as  well  as  in  so  many  others,  and  her  laws 
are  the  only  thing  that  have  resisted  the  general 
movement.  The  rivers  and  the  rocks,  the  seas  and 
the  continents,  have  been  changed  in  all  their  parts ; 
but  the  laws  which  direct  those  changes,  and  the 
rules  to  which  they  are  subjecti  have  remained  in- 
variably the  same. 

S75.  Objections  have  been  made  to  that  transla- 
tion of  materials  by  the  waters  of  the  ocean  which 
ig  supposed  in  this  theory,  particularly  by  Mr  Kir- 
wan,  in  his  Geological  Essays  ;  and,  though  I  might 
perhaps  content  myself  with  the  remark  already 
made»  that  the  Neptunian  system  involves  supposi- 
tions concerning  the  transportation  of  solid  bodies 
by  the  sea,  in  the  early  ages  of  the  world,  as  won- 
derful as  those  which,  according  to  our  theory,  are 
common  to  all  ages,  1  am  unwilling  to  remain  sa- 
tisfied with  a  mere  argumenium  adhominem^  where 
the  fallacy  of  the  reasoning  is  so  easily  detected, 

376*  One  of  Mr  Kirwan's  objections  to  the  de- 
position of  materials  at  the  bottom  of  the  sea,  is 
thus  stated  :  **  Frisi  has  remarked,  in  his  mathe- 
matical discoursesi  that  if  any  considerable  mass  of 
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matter  were  accumulated  in  the  interior  of  tf 
ocean,  the  diurnal  motion  of  the  globe  would  be 
disturbed,  and  consequently  it  would  be  percepti- 
[We  J  a  phenomenon,  however,  of  which  no  history 
i  or  tradition  gives  any  account.'*  ♦ 

The  appeal  made  here  to  Frisi  is  singularly  un- 
fortunate, as  that  philosopher  has  demonstrated  the 
'very  contrary  of  Mr  Kirwan*s  position,  and  has 
proved,  that  the  disturbance  given  to  the  diurnal 
motion  by  the  causes  here  referred  to  may  be  real, 
but  cannot  be  perceptible.     Having  investigated  a 
formula  expressing  the  law  which  all  such  disturb- 
ances  must  necessarily  observe,  he  concludes,  **  Hac 
autem  formula  manifestum  fiet,  ex  lis  omnibus  va- 
riationibus  quae  in  terrestri  superficie  observari  so- 
lent,  montium  et  collium  abrasione,  dilapsu  corpo- 
rum  ponderosiorum  in  inferiores  telluris  sinus,  nul- 
km  oriri  posse  variationem  sensibilem  diumi  mo* 
tiks.     Nam  si  statuamus  data  aliqua  annorum  pe* 
riodo  terrestrem  superiiciem  ad  duos  usque  pedes 
abradi  undique,  earn  vero  materiie  quantitatem  ad 
profunditatem  pedum  1000  dilabi ;  erit  omne  quod 
iade  orietur  incrementum  velocitatis  diurui  motus 
_3O0O0_  1 

(l963S05iy~  12835068184: 

Here,  it  is  evident,  that  Frisi  admits  those  very 

•  GecL  Essays,  p.  441. 

t  Ffmi  Opera,  Ttim.  IH,  p.  269- 
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changes  on  the  surface  which  we  are  contending 
for,  and  shows,  that  their  tendency  is  to  accelerate 
the  earth's  diurnal  mation^  but,  by  a  quantity  so 
small,  that,  in  a  space  of  time  amounting  at  least 
to  200  years,  the  increase  of  the  diurnal  motion 
would  only  be  such  a  part  of  the  whole  as  the  pre- 
ceding fraction  is  of  unity*  ♦ 

*  The  time  requisite  for  taking  awmy  by  waste  and  ero- 
tjon  two  feet  from  the  surface  of  all  our  continents,  and  de» 
pOBiting  it  at  tiie  bottom  of  the  aea^  cannot  be  reckoned  leas 
than   200  years.      The  fraction   j j^jj^ji^j^-^,  reduee<.l  to 
parts  of  a  clay,  is  x^i^^yy^  of  a  second  ;  so  that  it  would  re- 
qoire  200  years  to  shorten  the  length  of  the  day,  by  the 
above  fraction  of  a  second  ;  and  therefore  it  woidd  require 
148554  times  200  years^  or  29710800  years,  to  diminish  it 
»n  entire  second.     The  accumiilatetl  effect,  however,  of  all 
'toe  diminutiona  during  that  period,  would  amount  to  mucb 
loaore:   and  if  we  had  any  perfectly  nniform  standard  to 
compare  the  motion  of  the  earth  with,  its  diffl^rencc  from 
that  standard  would  increase  as  the  squares  of  the  time^  and 
the  t<3tal  acceleration  would  amount  to  one  second  in  77060 
jrears*     Wliatever  relation  this  bears  to  the  age  of  the  globe 
itself^  it  exceeds  more  than  ten  times  the  age  of  any  histori- 
cal record. 

Though  Frisi  concludes,  as  is  stated  here,  that  tlie  acce- 
leration produced  in  the  diurnal  motion  of  the  earth,  is  far 
too  inconsiderable  to  become  the  object  of  astronomical  ob- 
servatjon,  he  makes  a  supposition  difficult  to  be  reconciled 
with  this  conclusion  J  namely,  that  the  acceleration  has  had  a 
•ensible  effect  on  the  figure  of  the  earth,  or  raUier  of  the 
aea^  having  increased  the  centrifugal  force,  and  thereby  ac- 
cuniulatetl  the  waters  under  the  equator,  in  the  present, 
VOL,  U  D  d 
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-    978.  Mr  Kirwaii'8  second  objection  is  founded 
on  the  misapprehension  of  a  well  known  fact  in  the 


7000  feet  above  the  level  of  the  sea,  tends  to  retard  the 
earth's  rotation^  by  bringing  its  waters^  and  the  mud  con- 
tained m  them^  from  the  parallel  of  Sl^  to  that  of  9,99,  and 
so  increasing  their  distance  from  the  earth's  axis  by  more 
than  ^yth  part.  Had  the  Ganges  flowed  towards  the  norths 
as  the  Nile  does,  its  effect  would  have  been  just  the  ood- 
trary. 

In  the  same  manner^  a  stone  descending  from  the  top  of  a 
mountain^  may  accelerate  or  retard  the  earth's  rotatioo,  ac- 
cording to  the  direction  in  which  it  descends.    If  it  descend 
on  the  side  of  the  elevated  pole>  it  will  then  produce  aooele- 
:ration,  because  its  distance  from  the  axis  will  be  diminished? 
but  if  it  descend  on  the  side  of  the  depressed  pole«  and  if  th^ 
direction  in  which  it  is  moved^  be  over  a  line  less  inclined^ 
than  a  line  drawn  fit>m  the  same  point  to  the  depressed  pofe^ 
it  will  then  produce  a  retardation^  because  its  distance  from 
the  axis  will  be  increased. 

Let  us  suppose,  for  example,  that  the  top  of  Mont  Blanc 
is  in  latitude  45^  49^  and  that  its  height  is  2450  toises  abore 
the  level  of  the  sea.  The  point  at  which  a  line  drawn 
from  the  top  of  this  mountain,  parallel  to  the  earth's  axi^ 
will  meet  the  superficies  of  the  sea,  (supposing  that  superfi- 
cies continued  inland  from  the  Mediterranean,)  must  be 
about  2S82  toises  in  horizontal  distance,  or  about  S|  mi- 
nutes south  of  the  summit,  that  is,  in  the  parallel  ci  45^  46^'; 
and  if  this  parallel  be  continued  all  round  the  globe,  the 
points  of  the  earth's  surface  between  it  and  the  equator,  are 
all  more  distant  from  the  earth's  axis  than  the  top  of  Mont 
Blanc  is ;  whereas  all  the  points  to  the  north  of  it  are  nesicr 
tothataxis.  A  stone,  therefore,  from  the  tc^  of  Mont  BhuCi 
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natural  history  of  the  earth.  **  Rivers,"  says  this 
author,  *'  do  not  carry  into  the  sea  the  spoils  which 
they  bring  from  the  land,  but  employ  them  in  the 
formation  of  deltas  of  low  alluvial  land  at  their 
mauths,  according  to  what  Major  Rennell  has 
proved,**  The  fact  of  the  formation  of  deltas  from 
the  spoils  which  the  rivers  carry  from  the  higher 
grounds,  is  perfectly  ascertained  j  and  the  detail  in- 
to which  Major  Rennell  has  entered  in  the  passage 
referred  to  by  Mr  Kirwan^  does  credit  to  the  acute-  I 

ness  and  accuracy  of  that  excellent  geographer* 
But  it  is  not  there  asserted,  that  rivers  employ  all 
the  materials  which  they  carry  with  them,  in  the 
formation  of  those  deltas,  and  deliver  none  of  them  * 

into  the  sea.     On  the  contrary,  they  carry  from  * 

the  delta  itself  mud  and  eaith,  which  they  can  de- 
posit nowhere  but  in  the  sea  ;  and  it  is  this  circum- 
stance chiefly  that  limits  the  increase  of  those  allu-  I 


if  carried  any  where  ta  the  south  of  the  above  parallel,  wiJl 
retard  the  earth**  diurnal  motion  i  but  Lf  carried  miy  where 
to  the  norUi  of  the  same  line^  will  accelerate  tliat  motion. 

The  same  quantity  of  matter,  however,  carried  an  equal 
diftance  toward  the  pole,  and  toward  the  equator,  from  any 
]^famt,  will  lose  more  velocity  in  the  former  case  than  it  wiU 
gain  in  the  latter,  as  easily  follows  from  the  nature  of  the 
circle.  Therefore,  supposing  an  equal  dispersion  of  the  de- 
tritua  of  a  mountain  in  all  direct  [on  s,  die  parts  that  go  to- 
ward the  pole  will  most  disturb  the  diurnal  motion;  and 
hence  a  balance  on  their  side,  or  in  favour  of  acceleration,  as 
already  observetl. 
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yial  lands,  and  makes  them  either  cease  to  increase^ 
or  makes  them  increase  very  slowly  after  a  certain 
period,  though  the  supply  of  earth  from  the  hi^ier 
grounds  remains  nearly  the  same.  To  make  Mr 
Kirwan's  argument  conclusive,  it  would  be  necei- 
sary  to  prove,  that  all  the  mud  carried  down  by 
the  Nile  or  the  Ganges,  was  deposited  on  the  low 
lands  before  these  rivers  enter  the  sea ;  a  thing  so 
obviously  absurd,  that  nothing  but  his  haste  to  ob- 
tain a  conclusion  unfavourable  to  the  Plutonic  sys- 
tem, could  have  prevented  him  from  peroeiviDg 
it.* 

879*  A  remark  which  Major  Renneil  has  made 
concerning  the  mouths  of  riven,  in  his  Greogn^hy 
of  Herodotus,  deserves  Mr  Kirwan'a  attention, 
though  perhaps  he  may  not  be  able  to  put  on  it  an 
interpretation  quite  so  favourable  to  his  system. 
The  remark  is,  that  the  mouths  of  great  rivers  are 
often  formed  on  principles  quite  opposite  to  one 
another,  so  that  some  of  them  have  a  real  delta  or 
triangle  of  flat  land  at  their  mouths,  while  others 

*  The  instance  mentioned  in  the  Geological  EAsays^  from 
the  travels  of  the  Abbe  Fortis^  concerning  urns  thrown  into 
the  Adriatic^  upwards  of  1400  years  ago^  and  not  yet  cover- 
ed with  mud^  must  be  explained  from  peculiar  circumstan- 
ces^ or  local  causes^  with  which  we  are  unacquainted^  as  it 
makes  against  the  deposition  of  earth  near  the  shore^  and  in 
narrow  seas ;  a  general  fact,  which,  I  think,  every  body  ad- 
mits. 
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hftve  an  estuary,  or  what  may  not  improperly  be 
called  it  negative  deltiu  Of  the  latter  kind  are 
some  of  the  greatest  rivers  in  the  world,  the  Plata, 
the  Oronoco  and  the  Maranon,  and  by  far  the 
greatest  number  of  our  European  rivers.  Nobody 
can  doubt,  that  the  three  rivers  just  named  carry 
with  them  as  much  earth  as  the  Nile,  or  tho 
Euphrates,  or  any  other  river  in  the  world.  All 
this  they  have  deposited  in  the  sea,  and  committed 
to  the  currents,  which  sweep  along  the  shore  of  the 
American  continent,  and  by  these  they  have  been 
spread  out  over  the  unlimited  tracts  of  the  ocean. 

Indeed,  nothing  can  be  more  just  than  Dr  Hut- 
ton's  observation,  that  where  low  land  is  formed  at 
the  mouths  of  rivers,  there  the  rivers  bring  down 
more  tlian  tho  sea  is  able  to  carry  away  ;  but  that 
where  nuch  land  is  not  formed,  it  is  because  the  sea 
is  able  to  carry  off  iiiimediately  all  the  deposit 
which  it  receives. 

380.  Mr  Kirwan  has  denied  on  another  princi- 
ple I  he  power  of  the  sea  to  carry  to  a  distance  the 
materials  delivered  into  it :  **  Notwithstambng,*' 
says  he,  "  many  particles  of  earth  are  by  rivers 
conducted  to  the  sea,  yet  none  are  convened  to  antf 
dhtancCi  hut  are  either  deposited  at  their  mouths, 
or  rejected  by  currents  or  by  tides  ;  and  the  reason 
is,  because  the  tide  of  Hood  is  always  more  impetu- 
ous and  forcible  than  the  tide  of  ebb,  the  advancing 
waves  being  pressed  forward  by  the  countless  num- 
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ber  behind  tlieiiip  whereas  the  retreating  are  pn 
e<l  backward  by  a  fai*  smaller  number,  as  noust  be 
evident  to  an  attentive  spectator  ;  and  hence  it  is 
that  all  floating  things  cast  into  the  sea,  are  at  last 
thrown  on  shore,  and  not  conveyed  into  the  mid 
regions  of  the  sea,  as  they  should  be  if  the  recipro- 
cal undulations  of  the  tides  were  equally  power- 
ful/' * 

381.  But  if  the  aiientive  spectator^  instead  of 
trusting  to  a  vague  impression,  or  listening  to  some 
crude  theory  of  undulations,  reflects  on  one  of  the 
most  simple  facts  respecting  the  ebbing  and  flowing 
of  the  tides,  he  wiU  be  very  little  disposed  to  ac* 
quiesce  in  the  above  conclusion.  He  has  only  to 
consider,  that  the  flowing  of  the  tide  requires  just 
six  hours,  and  the  ebbing  of  it  likewise  six  hours  ; 
ao  that  the  same  body  of  water  flows  in  upon  the 
shore,  and  retreats  from  it,  in  the  same  time.  The 
quantity  of  matter  moved,  therefore,  and  the  velo- 
city with  which  it  is  moved,  are  in  both  cases  the  i 
same  j  and  it  remains  for  Mr  Kirwan  to  show  ia  ! 
what  the  difference  of  their  force  can  possibly  con- 
sist. 

The  force  with  which  the  waves  usually  break 
upon  our  shores,  does  not  arise  from  the  velocity  of 
the  tide  being  greater  in  one  direction  than  in 
another.     In  the  main  ocean,  the  waves  have  »o 


progressive  motion,  and  the  columns  of  water  al- 
ternately rise  and  iail,  without  any  other  than  a  re- 
ciprocating motion  :  a  kind  of  equilibrium  takes 
place  among  the  undulations,  and  each  wave  being 
equally  acted  upon  by  those  on  opposite  sides,  re- 
mains fixed  in  its  place.  Near  the  shore  this  can- 
not happen  ;  the  water  on  the  land  side  from  its 
shallowness  being  incapable  of  rising  to  the  height 
necessary  to  balance  the  great  undulations  which 
are  without.  The  water  runs,  therefore,  as  it 
were,  from  a  higher  to  a  lower  level,  spreading  it* 
self  towards  the  land  side*  This  produces  the 
breakers  on  our  shores,  and  the  surf  of  the  ti-opical 
seas,  A  rock  or  a  sandbank  coming  within  a  cer- 
tain distance  of  the  surface,  is  sufficient,  in  any 
part  of  the  ocean,  to  obstruct  the  natural  succession 
of  undulations  ;  and,  by  destroying  the  mutual  re- 
action of  the  w'aves,  to  give  them  a  progressive  in- 
stead of  a  reciprocating  motion, 

JS2.  It  is,  however,  but  from  a  small  distance* 
that  the  waves  are  impelled  against  the  shore  with 
a  progressive  motion.  The  border  of  breakers  that 
surrounds  any  coast  is  narrow,  compared  with  the 
distance  to  which  the  detritus  from  the  land  is 
confessedly  carried  ^  the  water,  while  it  advances 
at  the  surface,  flows  back  at  the  bottom  ;  and  these 
contrary  motions  are  so  nearly  equal,  that  it  is  but 
a  very  momentary  accumulation  of  the  water  that  is 
ever  produced  on  any  shore* 
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which  the  lead  brought  up,  and  which  were  deduc* 
ed  no  doubt  from  observations  made  at  no  very 
great  distance  of  time,  might  be  sufficient  for  his 
purpose,  though  a  slow  change  had  been  all  the 
while  going  forward.  Such  observations  could  at 
best  Imve  little  accuracy,  and  could  not  be  affected 
by  small  variations.  It  is  the  slowness  of  the 
change,  that  makes  the  experience  of  one  age  ap- 
plicable, in  this,  as  in  innumerable  other  instances, 
to  the  observations  of  the  next.  If  a  long  interval 
is  taken,  we  will  look  in  vain  for  the  same  unifor- 
mity of  results*  A  pilot,  who  would  at  present 
judge  of  his  position  in  the  German  Ocean,  by 
comparing  his  soundings  with  those  taken  by 
Pytheas  (supposing  them  known)  in  his  navigatioa 
of  that  sea,  more  than  2000  years  ago,  could  hard- 
ly be  expected  to  determine  his  latitude  and  longi- 
tude with  great  exactness  ;  and  I  know  not  if  the 
most  zealous  advocate  for  the  immutability  of  the 
earth's  surface,  would  be  willing  to  trust  his  safe- 
ty in  a  ship  that  was  guided  by  such  antiquated 
rules. 

Note  xx.  §  118^ 

Inequalities  in  the  Planetary  Motiona* 

3Q5*  The  assertion  that,  in  the  planetary  mo- 
tions, we  discover  no  mark,  either  of  the  com- 
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meucement  or  termination  of  the  present  order,  re- 
fers to  the  late  discoveries  of  Lagrange  and  La- 
place, which  have  contributed  so  much  to  the  per- 
fection of  physical  astronomy.  From  the  principle 
of  universal  gravitation,  these  mathematicians  have 
demonstrated,  that  all  the  variations  in  our  system 
are  periodical ;  that  they  are  confined  within  cer- 
tain limits ;  and  consist  of  alternate  diminution 
and  increase.  The  orbits  of  the  planets  change 
not  only  their  position,  but  even  their  magnitude 
and  their  form  :  the  longer  axis  of  each  has  a  slow 
angular  motion  ;  and,  though  its  length  remains 
fixed,  the  shorter  axis  increases  and  diminishes,  so 
that  the  form  of  the  orbit  approaches  to  that  of  a 
circle,  and  recedes  from  it  by  turns.  In  the  same 
manner,  the  obliquity  of  the  ecliptic,  and  the  incli- 
nation of  the  planetary  orbits,  are  subject  to  change; 
but  the  changes  are  small,  and,  being  first  in  one 
direction,  and  then  in  the  opposite,  they  can  never 
accumulate  so  as  to  produce  a  pennanent  or  a  pro- 
gressive alteration*  Thus,  in  the  celestial  motions, 
no  room  is  left  for  the  introduction  of  disorder  ;  no 
irregularity  or  disturbance,  arising  from  the  mu- 
tual action  of  the  planets,  is  permitted  to  increase 
beyond  certain  limits,  but  each  of  them,  in  time, 
affords  a  correction  for  itself.  The  general  order 
is  constant,  in  the  midst  of  the  variation  of  the 
parts  ;  and,  in  the  language  of  Laplace,  there  is  a 
certain  mean  couditiou,  about  which  our  system 
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from  a  certain,  mean  condition,  which  is  such,  that, 
in  the  lapse  of  time,  the  deviations  from  it  on  the 
one  side,  must  become  just  equal  to  the  deviations 
from  it  on  the  other.  In  both,  a  provision  is  made 
for  duration  of  unlimited  extent,  and  the  lapse  oi 
time  has  no  effect  to  wear  out  or  destroy  a  ma- 
chine, constructed  with  so  much  wisdom.  Where 
the  movements  are  all  so  perfect,  their  beginning 
and  end  must  be  alike  invisible. 


Note  xxi.  §  122. 

Changes  in  the  apparent  Level  qfthe  Sea. 

388.  In  speaking  of  the  natural  epochas  marked 
out  by  the  phenomena  of  the  mineral  kingdom,  we 
have  supposed  a  greater  simplicity,  and  separation 
of  effects  from  one  another,  than  probably  takes 
place  in  nature.  We  have,  for  instance,  abstract- 
ed, in  speaking  of  the  waste  and  degradation  of 
the  land,  from  that  elevation  which  may  have  been 
carried  on  at  the  same  time.  This  appeared  ne- 
cessary to  be  done,  in  order  to  simplify  as  much  as 
possible  the  view  that  was  to  be  given  of  the  whole ; 
but  there  can  be  no  doubt,  that,  while  the  land  has 
been  gradually  worn  down  by  the  operations  on  its 
surface,  it  has  been  raised  up  by  the  expansive 
forces  acting  from  below.     There  is  even  reason 


lOt  been  unifonn, 
but  has  been  subject  to  a  kind  of  oscillation,  inso* 
mucb^  that  the  continents  have  both  ascended  and 
descended,  or  hare  had  their  level  alternately  raid- 
ed and  depressed,  independently  of  all  action  at 
tlie  surface,  and  this  within  a  period  comparatively 
of  no  great  extent. 

It  will  be  easily  understood,  that  the  facts  we 
are  going  to  state,  each  taken  singly,  prove  nothing 
more  than  a  change  of  the  line  in  which  the  sur- 
/ace  of  the  sea  intersects  the  surface  of  the  land, 
leaving  it  nncertain  to  which  of  the  two  the  change 
ought  really  to  be  ascribed.     Taken  in  combina- 
tion, however,  these  facts  may  determine  what  each 
of  them  separately  cannot  ascertain.     I  shall  first, 
therefore,  mention  some  of  the  principal  obser- 
vations relative  to  the  change  above  mentioned, 
and  shall  then  compare  them,  in  order  to  disco- 
ver whether  it  is  most  probable  that  this  change 
has  been  produced  by  the  motion  of  the  land  or  of 
the  sea. 

389.  If  we  begin  with  examining  the  coasts  of 
our  own  island,  we  shall  find  clear  evidence  every 
where,  that  the  sea  once  reached  higher  up  upon 
the  land  than  it  does  at  present.  The  marks  of 
an  ancient  sea  beach  are  to  be  seen  beyond  the 
present  limits  of  the  tide,  and  beds  of  sea  shells, 
not  mineralized,  are  found  in  the  loose  eaith  or 
soil,  sometimes  as  high  as  thirty  feet  above  the  pre- 
VOL,  I.  1  e 
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sent  level  of  tbe  sea.  Some  of  these  on  the  shores 
of  the  Frith  of  Forth  are  very  well  known,  and 
have  been  often  mentioned.  Indeed,  on  the  shores 
of  that  frith»  many  monuments  appear,  which  would 
seem  to  carry  tlie  difference  between  the  present 
and  the  ancient  level  of  the  sea,  to  more  than  for- 
ty  feet.  The  ground  on  which  the  Botanic  Gar* 
den  of  Edinburgh  is  situated,  after  a  thin  covering 
of  soil  is  removed,  consists  entirely  of  sea  sand, 
very  regularly  ijtratified,  with  layers  of  a  black  car- 
bonaceous matter,  in  thin  lamellse,  interposed  be- 
tween them*  Shells  1  believe  are  but  rarely 
found  in  it,  but  it  has  every  other  appearance  of  a 
sea  beach.  The  height  of  this  ground  above  tbe 
present  level  of  the  sea  is  certainly  not  less  than 
forty  feet. 

390.  On  almost  every  part  of  tbe  coast  where 
the  rocks  do  not  rise  quite  abrupt  and  precipitoua 
from  the  sea,  similar  marks  of  the  lowering  of  tlie 
sea,  or  the  rising  of  the  land,  may  be  obsened. 
On  the  shores  opposite  to  ours,  the  same  appear- 
ances are  remarked.  The  author  of  the  Lettrc 
Critique  to  M.  de  Buffbn,  tells  us,  that  he  had 
found  the  bottom  of  a  bason  at  Dunkirk,  which 
he  had  reason  to  think  was  dug  about  950  years 
ago,  ten  feet  and  a  half  above  the  present  law 
water  mark,  though  it  must  have  been  originally 
under  it.  The  bottom  of  this  bason  is  in  the  na- 
tive chalk.     From  this,  the  same  author  concludes, 
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iitmt  the  sea  at  Dunkirk  lowers  its  level  at  the  rate 
'of  an  inch  nearly  in  seven  years.     The  observa- 
tion was  made  in  I762,  (Lettre  k  M.  le  Comte  de 
Buifon,  &c.  p.  S5»)  ♦ 

S91.  The  shores  of  the  Low  Countries,  and  of 
Holland,  have  lK?en  often  instanced  in  proof  of  the 
same  kind  of  changes,  and  it  has  been  supposed, 
that,  independently  of  those  artificial  barriers 
which  at  present  exchule  the  waters  of  the  ocean 
from  overflowing  a  great  part  of  this  tract,  nature 
herself  has  brought  it  nearer  to  the  surface  than 
it  had  formerly  been*  It  is  indeed  certain,  that 
those  countries,  to  a  very  great  extent  inland,  have 
either  been  under  the  sea  at  some  period,  by  no 
means  remote  if  compared  with  the  great  revolu- 
tions of  the  globe,  or  that  tliey  are  entirely  allu- 
vial, and  of  the  same  sort  with  the  Deltas  formed 
at  the  mouths  of  rivers.  The  relative  changes, 
however,  of  the  sea  and  land  on  this  tract,  have 
been  differently  represented,  and  I  am  unwilling, 
on  that  account,  to  found  any  argument  on  them, 

•  In  the  county  of  Suffolk,  near  Wood  Bridge,  at  the  dis- 
■Unce  of  aeven  or  eight  miles  from  the  sea,  are  the  Crag* 
piUj  in  which  prodigious  quantities  of  sea  shells  are  disco- 
vexed,  many  of  them  perfect  and  quite  solid,  (Pennant's  Arc- 
tic Zoologj^,  Introd.  p.  6.)  Lincolnshire  affords  various 
proofs  of  the  same  kind  ;  but  some  other  circumstances  in 
tlie  Appearance  of  that  coast,  just  at>out  to  be  taken  notice  oi\ 
indicate  dianges  of  a  more  complicated  nature. 
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3f}2.  If  we  proceed  farther  to  the  north,  to  the 
shores  of  the  Baltic  for  instance,  we  have  undoubt- 
ed evidence  of  a  change  of  level  in  the  same  di- 
rection as  on  our  own  shores.  The  level  of  this 
sea  has  been  represented  as  lowering  at  so  great  a 
rate  as  40  inches  in  a  century*  Celsius  observed, 
tliat  several  rocks  which  are  now  above  water,  were 
not  long  ago  simkeii  rocks,  and  dangerous  to  navi- 
gators;  and  he  particularly  took  notice  of  one, 
which,  in  the  year  1680,  was  on  the  surface  of  the 
water,  and  in  the  year  1731  was  20 j  Swedish 
inches  above  it.  From  an  inscription  near  Asp6, 
in  the  lake  Melar^  which  communicates  with  the 
Baltic,  engraved,  as  is  supposed,  about  five  centu* 
ries  ago,  the  level  of  the  sea  appears  to  have  sunk 
in  that  time  no  less  than  13  Swedish  feet*  *  All 
these  facts,  with  many  more  which  it  is  unnecessary 
to  enumerate,  make  the  gradual  depression,  wt 
only  of  the  Baltic,  but  of  the  whole  northern  ocean, 
a  matter  of  certainty. 

S<J3>  Supposing  these  changes  of  level  between 
the  sea  and  land  to  be  sufficiently  ascertained,  the 
supposition  which  at  first  occurs  is,  that  tlie  motion 
has  been  in  the  sea  rather  than  in  the  land,  and 
that  the  former  has  actually  descended  to  a  lower 
level.  The  imagination  naturally  feels  less  diffi- 
culty in  conceiving,  that  an  unstable  fluid  like  the 
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sea,  which  clianges  its  level  twice  every  day,  has 
undergone  a  permanent  depression  in  its  surface, 
than  that  the  land,  the  terra  Jinna  itself^  has  ad- 
mitted of  an  equal  elevation.  In  all  this,  however, 
we  are  guided  much  more  by  fancy  than  reason  j 
for,  in  order  to  depress  or  elevate  the  ahsolute  le- 
vel of  the  sea,  by  a  given  quantity,  in  any  one 
place,  we  must  depress  or  elevate  it  by  the  same 
quantity  over  the  whole  surface  of  the  earth  j 
whereas  no  such  necessity  exists  with  respect  to 
the  elevation  or  depression  of  the  land.  To  make 
the  sea  subside  30  feet  all  round  the  coast  of 
Great  Britain^  it  is  necessary  to  displace  a  body  of 
water  SO  feet  deep  over  the  whole  surface  of  the 
ocean.  The  quantity  of  matter  to  be  moved  in 
that  way  is  iocomparably  greater  thaa  if  the  land 
itself  were  to  be  elevated  ;  for  though  it  is  neai*ly 
three  times  less  in  specific  gravity,  it  is  as  much 
greater  in  bulk,  as  the  surface  of  the  ocean  is 
greater  than  that  of  this  island, 

894.  Besides,  the  sea  cannot  change  its  level, 
without  a  proportional  change  in  the  solid  bottom 
on  which  it  rests.  Though  there  be  reason  to  sup- 
pose that  such  changes  in  the  bottom  do  actually 
take  place,  yet  they  are  probably  much  slower  and 
more  imperceptible  than  those  which  we  are  here 
considering.  It  is  evident,  therefore,  that  the 
simplest  hypothesis  for  explaining  those  changes  ol' 
level,  is»  that  they  proceed  from  the  motion,  ap- 


wards  or  downwards,  of  the  land  itself,  and  not 
from  that  of  the  sea.  As  no  elevation  or  depres- 
sioit  of  the  sea  can  take  phice,  but  over  the  whole, 
its  level  cannot  be  affected  by  local  causes,  and  is 
probably  as  little  subject  to  variation  as  any  thing 
to  be  met  with  on  the  surface  of  the  globe. 

395 •  Other  observations,  however,  made  on 
different  shores  from  the  preceding,  give  greater 
certainty  to  this  conclusion,  and  make  it  clear, 
that  the  motion  or  change  which  we  are  now  treat- 
ing of  is  not  to  be  ascribed  to  the  sea  itself. 

The  observations  just  mentioned  prove,  that 
the  level  of  the  North  Sea  is  lower  now  than  it 
was  heretofore  ;  but  it  appears,  that  in  the  Medi- 
terranean, the  opposite  takes  place.  Very  accu- 
rate observations  made  by  Manfredi,  render  it  cer- 
tain, that  the  superficies  of  the  Hadriatic  was 
higher  about  the  middle  of  the  last  century,  than  to- 
ward the  beginning  of  the  Christian  era. 

Some  repairs  that  were  carrying  on  in  the 
thedral  church  of  Ravenna,  in  the  year  17317 
afforded  him  an  opportunity  of  observing,  that  the 
ancient,  and  probably  original,  pavement,  was  four 
feet  and  a  half  below  the  present,  and  nearly  a  foot 
under  the  level  of  the  sea  at  high  water,  *  Now, 
when  the  church  was  built,  this  cannot  have  been 

•  Commentarii  Academiae  Boiiotiiensisj  ToEi.  II.  pars 
Ima^  p.  237.  &€•  and  para  2da,  p,  1,  &c. 
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the  position  of  the  pavement,  relatively  to  the 
level  of  the  sea,  for  it  would  have  subjected  the 
floor  to  be  under  water  twice  in  twenty-four  hours, 
and  must  have  done  so  the  more  unavoidably,  be- 
cause at  that  time  (the  beginning  of  the  fifth  cen- 
tury) the  walls  of  Ravenna  were  washed  by  the 
sea*  The  fact  that  this  pavement  is  under  the 
high- water  mark,  by  the  quantity  just  mentioned, 
was  ascertained  by  actual  levelling.  This  result 
was  confirmed  by  similar  facts,  observed  by  Zeu* 
driui  at  Venice- 

396*  Manfredi  himself  attributes  all  this  to  the 
elevation  of  the  surface  of  the  sea,  and  has  enter- 
ed into  a  long  calculation  to  ascertain  at  what  rate 
that  surface  may  be  supposed  to  rise,  on  account 
of  the  eai  th  and  sand  brought  down  by  the  rivers, 
and  spread  out  over  the  bottom  of  the  sea.  But 
as  the  fact  of  the  rise  of  the  level  of  the  sea  is  not 
general,  and  as  the  contrary  is  observed  in  the 
aorth  seas,  as  already  proved,  this  hypothesis  will 
not  explain  the  apparent  rise  in  the  level  of  the 
Hadriatic* 

397'  Though  a  local  subsidence,  or  settling  of 
the  ground,  could  hardly  account  for  this  change, 
the  pavement  being  perfect  in  its  level,  and  the 
walls  of  the  cathedral  without  any  shake,  yet  a  sub- 
sidence that  has  extended  to  a  great  tract,  as  to 
the  whole  of  Italy,  if  the  mass  moved  has  conti- 
nued parallel  to  itself,  and  changed  its  place  slow^ 
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ly,  will  agree  very  well  with  the  appearances. 
The  facts  here  stated  are  also  the  more  deserving 
of  attention,  that  about  Ravenna,  the  land,  at  the 
same  time  that  it  has  sunk  in  its  level,  has  extend* 
ed  its  surface,  and  has  encroached  on  the  sea. 
Since  the  time  of  Augustus,  the  line  of  the  coast 
has  been  carried  farther  out  by  about  three  miles.  * 
This  last  is  the  undoubted  effect  of  the  degrada- 
tion of  the  land  by  the  rivers ;  and  here  we  have 
very  clear  evidence  of  the  forces,  both  under  and 
above  the  surface,  producing  their  respective  effects 
at  the  same  time,  so  that  while  the  surface  is  raised 
by  earth  brought  down  by  the  rivers,  every  given 
point  in^the  ground  is  depressed  and  let  down  to  a 
lower  leveU  t 

S98,  On  the  southern  coast  of  Italy  similar  facts 
have  been  observed.  Breislac,  in  his  Topogi-afia 
Fisica  della  Campagna  di  Roma,  :J:  from  certain 
appearances  in  the  Gulfs  of  Baja  and  Naples,  con- 
cludes, that  at  the  beginning  of  the  Cliristian  aera, 
the  level  of  the  sea  was  lower  on  that  part  of  the 
coast  than  it  is  now.  The  facts  which  he  men- 
tions are  the  following  :  lw?o.  The  remains  of  an 


•  Matifredij  ihid, 

t  On  the  coa«t  of  Dalmfitta  also,  the  rising  of  the  kvel 
the  sea  has  been  remarkeil^  particularly  at  the  ruins  of  Dii 
cletian's  palace  of  Spalatro. 

J  Cap,  vi.  p.  300* 
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aiieient  road  are  now  to  be  seen  in  the  Gulf  of 
Baja  at  a  considerable  distance  from  the  land, 
Srfo,  Some  ancient  buildings  belonging  to  Porto 
Giulio  are  at  present  covered  by  the  sea.  Stiot 
Ten  columns  of  granite  at  the  foot  of  Monte 
Nuovo,  which  appear  to  have  belonged  to  the  Tem- 
ple of  the  Nymphs,  are  also  nearly  covered  by  the 
sea.  4/0,  The  pavement  of  the  Temple  of  Sera* 
pis  is  now  somewhat  lower  than  the  high  water 
mark,  though  it  cannot  be  supposed  that  this  edi- 
fice when  built  was  exposed  to  the  inconvenience 
of  having  its  floor  frequently  under  water.  Sio^ 
The  ruins  of  a  palace,  built  by  Tiberius  in  the 
island  of  Caprea,  are  now  entirely  covered  by  the 
sea. 

Thus,  it  appears  that  the  level  of  the  sea  is  sinking 
in  the  more  northern  latitudes,  and  rising  in  the  Me- 
diterranean, and  it  is  evident  that  this  cannot  hap- 
pen by  the  motion  of  the  sea  itself  The  parts  of 
the  ocean  all  communicating  with  one  another, 
cannot  rise  in  one  place  and  fall  in  another ;  but,  in 
order  to  maintain  a  level  surface,  must  rise  equally 
or  fall  equally  over  the  whole  of  its  extent.  If, 
therefore,  we  place  any  confidence  in  the  preced- 
ing observations,  and  they  are  certainly  liable  to  no 
objection,  either  from  their  own  nature  or  the  cha- 
racter of  the  observers,  we  must  consider  it  as  de- 
monstrated, that  the  relative  change  of  level  has 
proceeded  from  the  elevation  or  depression  of  the 


land  itself.  This  agrees  well  with  the  preceding 
theory,  which  holds,  that  our  continents  are  subject 
to  be  acted  upon  by  the  expansive  forces  of  the 
miueral  regions;  that  by  these  forces  they  have  been 
actually  raised  up,  and  aie  sustained  by  them  in 
their  present  situatiou. 

Syy.  According  to  some  other  facts  stated  by 
the  same  ingenious  author,  it  appears,  that  on  the 
coast  of  Italy  the  progress  of  the  sea  in  ascending^ 
or  of  the  land  in  descend Ing,  has  not  been  uniform 
during  the  period  above  mentioned,  but  that  differ- 
ent oscillations  have  taken  place;  so  that,  from 
about  the  beginning  of  the  Christian  era,  till  some 
time  in  the  middle  ages,  the  sea  rose  to  be  sixteen 
feet  higher  than  at  present,  from  which  height  it 
has  descended  till  it  became  lower  than  it  is  now, 
and  from  that  state  of  depression  it  is  now  rising 
again.  Breislac  infers  this  from  two  facts,  which 
he  combines  very  ingeniously  with  the  preceding, 
viz.  the  remains  of  some  ancient  buildings,  at  tl 
foot  of  Monte  Nuovo,  five  or  six  feet  above  tl 
present  level  of  the  sea,  in  which  are  found  the 
shells  of  some  of  those  little  marine  animals  tha 
eat  into  stone  :  And  again,  the  marble  columns  o( 
the  temple  of  Sernpis,  which  are  also  perforated  byj 
pholades,  to  the  height  of  sixteen  feet  above  tho| 
ground.  All  these  changes  Breislac  ascribes  to  the  j 
motion  of  the  sea  itself ;  a  supposition  which,  as  we  ( 
have  scen»  cannot  possibly  be  admitted,  since  no- 
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mg  can  permanently  affect  the  level  of  the  sea  in 
one  place,  which  does  not  affect  it  in  all  places 
whatsoever* 

400.  Appearances,  which  indicate  such  alterna- 
tions as  have  just  been  mentioned  in  the  level  of 
the  sea,  are  to  be  met  with  on  some  other  coasts. 
In  England,  on  the  coast  of  Lincolnshire,  the  re- 
mains of  a  forest  have  been  observed,  which  are 
now  entirely  covered  by  the  sea.  *  The  submarine 
stratum  which  contains  the  remains  of  this  forest, 
can  he  traced  into  the  country  to  a  great  distance, 
and  is  found  throughout  all  the  fens  of  Lincoln* 
shire.  The  stratum  itself  is  about  four  feet  thick  ; 
it  is'covered  in  some  places  by  a  bed  of  clay  sixteen 
feet  thick,  and  under  it  for  twenty  feet  more  is  a 
bed  of  soil  mud,  like  the  scourings  of  a  ditch,  mix- 
ed with  shells  and  silt« 

Here  then  we  have  a  stratum  which  must  have 
been  once  uppemiost  on  the  surface  of  the  dry 
land,  though  one  part  of  it  is  now  immersed  under 
the  sea,  and  another  covered  with  earth,  to  the 
depth  of  sixteen  feet.  A  change  of  level  in  the 
sea  itself  will  not  explain  these  appearances  :  they 
can  only  be  explained  by  supposing  the  whole  tract 
of  land  to  have  subsided,  which  is  the  hypothesis 
adopted  by  the  author  of  the  description  in  the 
Transactions,  M,  Corria  de  Serra  ;  the  subsidence, 

•  Fm,  Trans.  1799.  p^  145. 
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hawever,  is  not  liere  understood  to  arise  from  the 
mere  yielding  of  some  of  the  strata  immediately 
underneath,  bat  is  conceived  to  be  a  part  of  that 
geological  system  of  alternate  depression  and  eleva- 
,tion  of  the  surface,  which  probably  extends  to  the 
whole  mineral  kingdom.  To  reconcile  all  the  dif- 
ferent facts,  I  should  be  tempted  to  think,  that  the 
forest  which  once  covered  Lincolnshire,  was  im* 
inersed  under  the  sea  by  the  subsidence  of  the  land 
to  a  great  depth,  and  at  a  period  considerably  re- 
mote ;  that  when  so  immersed,  it  was  covered  over 
with  the  bed  of  clay  which  now  lies  on  it,  by  depo- 
sition from  the  sea,  and  the  washing  down  of  earth 
from  the  land  ;  that  it  hiis  emerged  from  this  great 
depth  till  a  part  of  it  has  become  dry  land  j  but  that 
it  is  now  sinking  again,  if  the  tradition  of  the  coun- 
try deserves  any  credit,  that  the  part  of  it  in  the  sea 
IS  deeper  under  water  at  present  than  it  was  a  few 
yeais  ago.  This  might  also  serve  to  reconcile,  in 
some  measure,  the  phenomena  of  this  submarine 
forest  with  the  appearances  which  Indicate  an  ex* 
tension  of  the  land  on  the  coast  of  Lincolnshire, 
Indeed  the  extension  of  the  land  is  no  direct  proof, 
either  of  its  own  elevation,  or  of  the  depression  of 
the  sea,  as  we  may  conclude  from  the  instance 
Ravenna  already  mentioned, 

401.  We  have  concluded  from  the  facts  statei 
above,  tliat  the  level  of  the  sea  rises  in  the  Mcdi 

terraneao,  and  sinks  in  the  more  northern  lati- 
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tildes  f  and  thence  some  have  suspected,  that  the 
level  of  the  sea  had  in  general  a  tendency  to  rise 
towards  the  eqoator,  and  to  sink  towards  the  poles. 
This  is  the  notion  of  Frisi,  as  has  been  already  re* 
marked,  and  he  suggests,  tliat  this  rise  of  the  sea 
may  be  owing  to  a  slight  acceleration  in  the  eaith's 
diurnal  motion.  But  there  are  facts  which  show, 
that  between  the  tropics  the  relative  level  of  the 
sea  and  land  has  sunk,  and  is  lower  at  present  than 
it  was  at  some  former  period,  probably  not  ex- 
tremely remote.  The  opinion  of  Frisi,  therefore, 
is  unsupported  by  observation,  and,  as  has  been  al- 
ready shown,  cannot  be  justified  from  theory- 

Between  the  tropics,  islands  are  formed  from  the 
mere  accumulation  of  coral ;  and  it  is  the  peculia- 
rity of  those  regions,  to  produce  rocks  that  have 
not  passed  through  tlie  usual  process  of  mineral 
consolidation,  ^  The  islota,  however,  which  are 
thus  formed,  must  have  their  bases  hiid  on  a  solid 
rock,  though  perhaps  at  a  great  depth ;  and  it  is 
not  probable,  that  after  they  are  once  raised  above 
the  surface  of  the  sea,  they  call  still  rise  faither, 
except  by  some  elevation  of  the  rock  which  serves 


•  Dt  Foster »  in  his  Voyage  round  the  World,  (VoL  II.  p. 
146,)  gives  an  instance  in  tlie  South  Sea  Islands,  where  the 
surface  of  the  islandj  ttiough  entirely  a  coral  rock,  was  rais- 
ed forty  feet  above  the  level  of  the  sea. 
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as  their  foiindation.  ♦  Now,  at  Palmerston  islaDd, 
which  comprehends  nine  or  ten  low  islots,  that 
may  be  reckoned  the  heads  of  a  great  reef  of  coral 
rock,  Captain  Cook  informs  ns  of  his  having  seen, 
**  far  beyond  the  reach  of  the  sea,  even  in  the  most 
violent  storms,  elevated  coral  rocks,  which,  on  exa- 
mination, appeared  to  have  been  perforated  in  the 
same  manner  that  the  rocks  are  that  now  compose 
the  enter  edge  of  the  reef-  This  evidently  shows/* 
he  adds,  "  that  the  sea  had  formerly  reached  so 
far ;  and  some  of  these  perforated  rocks  were  al- 
most in  the  centre  of  the  island/*  t 

The  same  excellent  navigator,  giving  an  account 
of  the  peninsula  at  Cape  Denbigh,  remarks  :  •*  It 
appeared  to  me,  that  this  peninsula  must  have  been 
an  island  in  remote  times  ;  for  there  were  marks  of 
the  sea  having  flowed  over  the  isthmus." 

40S,  We  are  here  touching  on  one  of  those  sub- 
jects, where  we  feel  mucli  the  want  of  accurate  and 
ancient  observations,  and  where  it  is  not  from  the 
infancy,  but  the  maturity  of  science  that  any  thing 
approaching  to  certainty  can  be  looked  for.  The^J 
utmost  that  we  can  expect  at  present,  is  an  antici*  j 


•  A  very  curious  account  of  the  fommtioTi  of  such  islimdii 
is  given  by  A.  Dalrymple,  Esq.  in  the  Philosophical  Trans- 
actions, Vol  LVIL  p«  394. 

t  Cooks  Third  Voyage,  Vol.  I.  p.  221. 
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pat  ion,  which  future  ages  must  certainly  niotlify 
and  correct.  The  best  thing,  in  the  mean  time, 
that  can  be  done  for  the  advancement  of  this 
branch  of  geological  knowledge,  is  to  ascertain 
with  exactness  the  relative  level  of  the  sea,  and  of 
such  points  upon  the  land  as  can  be  distinctly 
marked,  and  pointed  out  to  succeeding  ages.  This 
is  not  so  easy  as  it  may  at  first  appear.  Where  every 
object  changes,  it  is  difficult  to  find  a  measure  of 
change,  or  a  fixed  point  from  which  the  compu- 
tation may  begin.  The  astronomers  already  feel 
this  inconvenience,  and  when  they  would  refer 
their  observations  to  an  immoveable  plane,  that 
shall  preserve  its  position  the  same  in  all  ages, 
they  meet  with  difficulties,  which  cannot  be  re- 
moved but  by  a  profound  mathematical  investiga- 
tion. 

In  geology,  we  cannot  hope  to  be  delivered  from 
this  embarrassment  in  the  same  manner ;  and  we 
have  no  resource  but  to  multiply  observations  of 
the  difference  of  level ;  to  make  them  as  exact  as 
possiblo,  and  to  select  points  of  comparison  that 
have  a  chance  of  being  long  distinguished.  The 
improvements  in  barometrical  measurements,  which 
give  such  facility  to  the  determination  of  heights, 
along  with  so  considerable  a  degree  of  accuracy, 
will  furnish  an  accumulation  of  facts  that  must  one 
day  be  of  great  value  to  the  geologist. 


« 


403.  The  remains  of  organized  bodies,  at  pre- 
sent included  In  the  solid  parts  of  the  globe,  may 
be  divided  into  three  classes.     The  first  consists  of 
the  shells,  corals,  and  even  bodies  of  Hsh,  and  am- 
phibious animals,  which  are  now  converted  into 
stone,  and  make  integrant  parts  of  the  solid  rock. 
All  these  are  parts  of  animals  that  existed  before 
the  Jormaiion  of  the  present  land^  or  even  of  the 
rocks  whereof  it  consists.     These  remains   have 
been  already  treated  of,  and  the  evidence  which 
they  furnish  must  ever  be  regarded  as  of  the  ut- 
most importance  in  the  theory  of  the  earth*     The 
second  class  consists  of  remains,  which,  by  the  help 
of  stalactitical  concretions,  are  converted  into  stone. 
These  are  the  emivife  of  animals,  which  existed  on 
the  very  same  continents  on  which  we  now  dwell, 
and  are  no  doubt  the  most  ancient  among  their  in* 
habitants,  of  which  any  monument  is  preserved. 
In  comparison  of  the  first  class,  they  must,  never- 
theless, be  considered  as  of  very  modern  origin. 

404.  The  third  class  consists  of  the  bones  of 
animals  found  hi  the  loose  earth  or  soil ;  these 
have  not  acquired  a  stony  character,  and  their  na- 
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ture  appears  to  be  but  little  changed,  except  by 
tlie  progress  of  decomposition  and  of  mouldering 
into  earth*  No  decided  line  can  be  drawn  be- 
tween the  antiquity  of  this  and  the  preceding  class, 
ai  there  may  be  between  the  preceding  and  the 
first.  In  some  instances,  the  objects  of  this  third 
class  may  be  coeval  with  those  of  the  second  j  in 
geneml,  they  must  be  accounted  of  later  origin,  a$ 
they  are  certainly  not  preserved  in  a  manner  so 
well  fitted  for  long  continuance. 

405.  The  animal  remains  of  the  second  class,  are 
generally  found  in  the  neighbourhood  of  limestone 
strata,  and  are  either  enveloped  or  penetrated  by 
calcareous,  or  sometimes  ferruginous  matter.  Of 
this  sort  are  the  bones  found  in  the  rock  of  Gibral- 
tar, and  on  the  coast  of  Dalmatia.  The  latter  are 
peculiarly  marked  for  their  number,  and  the  extent 
of  the  country  over  which  they  are  scattered,  leaving 
it  doubtful  whether  they  are  the  work  of  successive 
ages,  or  of  some  sudden  catastrophe  that  lias  assem- 
bled in  one  place,  and  overwhelmed  with  immediate 
destruction,  a  vast  muititude  of  the  inhabitants  of 
the  globe.  These  remains  are  found  in  greatest 
abundance  in  the  islands  of  Cherso  and  Osero  j 
end  always  in  what  the  Abbd  Fortis  calls  an  ocreo* 
stalaciUic  earth.  The  bones  are  often  in  the  state 
of  mere  splinters,  the  broken  and  confused  relics  of 
various  animals,  concreted  with  fragments  of  marble 

VOL.  I-  F  f 
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and  lime,  in  clefts  and  chasms  of  the  strata.^ 
Sometimes  human  bones  are  said  to  be  found  in 
these  confused  masses. 

406.  A  very  remarkable  collection  of  bones  in 
this  state  is  found  in  the  caves  of  Bayreutli  in  Fran- 
conia.  Many  of  these  belong,  as  is  inferred  with 
great  certainty  from  the  structure  of  their  teeth,  to 
a  carnivorous  animal  of  vast  size,  and  having  very 
little  affinity  to  any  of  those  that  are  now  known. 
The  bones  are  found  in  different  states,  some  being 
without  any  stalactitical  concretion,  and  having  the 
calcareous  earth  still  united  to  the  phosphoric  acid, 
so  that  they  belong  to  the  third,  rather  than  the  se* 
cond,  of  the  preceding  divisions.  In  others^  the 
phosphoric  acid  has  wholly  disappeared,  and  given 
place  to  the  carbonic- 

Tlie  number  of  these  bones,  accumulated  in  the 
same  place,  is  matter  of  astonishment,  when  it  is 
considered,  that  the  animals  to  which  they  belong- 
ed were  carnivorous,  so  that  more  than  two  can 
never  have  lived  in  the  same  cavern  at  the  same 
time-  The  caves  of  Bayreuth  seem  to  have  been 
the  den  and  the  tomb  of  a  whole  dynasty  of  un- 
known monsters,  that  issued  from  this  central  spot 
to  devour  the  feebler  inhabitants  of  the  woods, 
during  a  long  succession  of  ages,  before  man  had 

•  Travels  into  Dalm^tia^  p*  i^g. 
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subdued  the  eartb,  and  freed  it  from  all  domination 

but  his  own. 

407*  The  fossil  bones  of  the  second  and  third 
class,  but  chiefly  of  the  third,  have  now  afibrded 
matter  of  conjecture  and  discussion  for  more  than  a 
century.  Tlie  feets  with  respect  to  them  are  very 
numerous  and  interesting,  but  can  be  considered 
here  only  very  generally. 

The  remains  of  this  kind,  consist  of  the  bones  on- 
ly of  large  animals,  so  that  they  have  generally  been 
compared  with  those  of  the  elephant,  the  rhinocer- 
os, the  hippopotamus,  or  other  animals  of  great 
size.  The  bones  of  smaller  animals  have  also  been 
found,  but  much  more  rarely  than  the  other.  It  is 
usually  remarked,  that  the  bones  thus  discovered  in 
the  earth  are  larger  than  those  of  the  similar  living 
animals. 

Another  general  fact  concerning  these  remainsi 
is,  that  they  are  found  in  all  countries  whatsoever, 
but  always  in  the  loose  or  travelled  earth,  and  never 
in  the  genuine  sirata.  Since  the  year  l69ti,  when 
the  attention  of  the  curious  was  called  to  this  sub- 
ject, by  the  skeleton  of  an  elephant  dug  up  in 
Thuringia,  and  described  by  Tentzelius,  *  there  is 
hardly  a  country  in  Europe  which  has  not  afforded 
instances  of  the  same  kind.  Fossil  bones,  particu- 
larly grinders  and  tusks  of  elephants,  have  been 

^  Phil.  Trans.  Vol.  XIX.  p.  757- 
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found  in  other  places  of  Germany,  in  Poland, 
France,  Italy,  Britain,  Ireland,  and  even  Iceland.  * 
Two  countries,  however,  afford  them  in  greater 
abundance  by  far  thau  any  other  part  of  the  known 
world ;  namely,  the  plains  of  Siberia  in  the  old 
continent,  and  the  flat  grounds  on  the  banks  of  the 
Ohio  in  the  new,  t 

408.  When  the  bones  in  Siberia  were  first  dis- 
covered, they  were  supposed  to  belong  to  an  ani- 
mal that  lived  under  ground,  to  which  they  gave 
the  name  of  the  mammouth  ;  and  the  credit  be- 
stowed on  this  absurd  fiction,  is  a  proof  of  the 
strong  desire  which  all  men  feel  of  reconciling  ex- 
traordinary appearances  with  the  regular  course  of 
nature.  Much  skill,  however,  in  natural  history 
was  not  required  to  discover  that  many  of  the 
bones  in  question  resembled  those  of  the  elephant, 
particularly  the  grinders  and  the  tusks  of  that  ani- 
mal. Others  resembled  the  bones  of  the  rhino- 
ceros ;  and  a  head  of  that  kind,  having  the  hide 
preserved  upon  it,  was  found  in  Siberia,  and  is  still 
in  the  im|)erial  cabinet  at  Petersburgh* 

Pallas  has  described  the  fossil  bones  which  he 
found  in  the  museum  at  Petersburgh,  on  his  being 
appointed  to  the  superintendence  of  it,  and  enn- 

*  A  grinder  uf  aii  elepliant  found  m  Iceland,  id  desoriM 
by  Barthulinus,  Acta  Halnieiid.  Vol,  L  p,  83. 

t  The  fossil  bones  on  the  Ohio  are  described  in  two  paper? 
bj  Mr  P*  Collinson,  Phil.  Trans.  Vol  LVII.  p,  ^Q%  and  4(i8. 
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merates,  not  only  bones  that  belong,  in  his  opinion^ 
to  the  elephant  and  rhinoceros,  but  others  that  be- 
long to  a  kind  of  buffalo,  very  diflerent  from  any 
now  known,  and  of  a  size  vastly  greater.  *  He  has 
also  described,  in  another  very  curious  memoir,  the 
bones  of  the  same  kind  that  he  met  with  in  his  tra- 
vels through  the  north-east  parts  of  Asia. 

The  fossil  bones  found  on  the  banks  of  the  Ohio, 
resemble  in  many  things  those  of  Siberia;  like  them 
they  are  contained  in  the  soil  or  alluvial  earth,  and 
never  in  the  solid  strata  ;  like  them  too  they  are  no 
otherwise  changed  from  their  natural  state,  than  by 
being  sometimes  slightly  calcined  at  the  surface ; 
they  are  also  of  great  size,  and  in  great  numbers, 
being  probably  the  remains  of  several  different  spe- 
cies. 

409*  Two  inquiries  concerning  these  bones  have 
excited  the  curiosity  of  naturalists  ;  firsts  to  disco- 
ver among  the  living  tribes  at  present  inhabiting 
the  earth,  those  to  which  the  fossil  remains  may 
with  the  greatest  probability  be  referred  j  and,  se- 
condly, to  find  out  the  cause  why  these  remains 
c;xist  in  such  quantities,  in  countries  where  the 
animals  to  which  they  belong,  whatever  they  be, 
are  at  present  unknown.  The  solution  of  the  first 
of  these  questions,  is  much  more  within  our  reach 


•  Novi  Comment  Petrop*  Tom-  XI  11.(1768,)  p,  436,  «nd 
Tom,  XVII.  p.  57Ch  &c. 
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than  the  second,  and  at  any  rate  must  be  first 
sought  for. 

On  the  authority  of  so  eminent  a  naturalist  as 
Pallas,  the  bones  from  Siberia  may  safely  be  refer- 
red to  the  elephant,  the  rhinoceros,  and  buffalo,  as 
mentioned  above,  though  perhaps  to  varieties  of 
them  with  which  we  are  not  now  acquainted. 
With  respect  to  the  bones  of  North  America,  the 
question  is  more  doubtful,  for  they  have  this  partU 
cul^lT  circumstance  attending  them,  viz.  that  along 
with  the  thighbones,  tusks,  &c,  which  miglit  be 
supposed  to  belong  to  the  elephant,  grinders  are 
always  found  of  a  structure  and  form  entirely  dif- 
ferent from  the  grinders  of  that  animal.  *  Some 
naturalists,  paiticularly  M»  Daubenton,  referred 
these  grinders  to  the  hippopotamus  ;  but  Dr  W. 
Hunter  appears  to  have  proved,  in  a  very  satisfac- 
tory manner,  that  they  cannot  have  belonged  to 
either  of  the  animals  just  mentioned,  but  to  a  caV' 
nivorous  animal  of  enormous  size,  the  race  of  which, 
fortunately  for  the  present  inhabitants  of  the  earth, 
seems  now  to  be  entirely  extinct,  f  The  founda- 
tion of  Dr  Hunter*s  opinion  is,  that  in  these  grinA  j 
ers  the  enamel  is  merely  an  external  covering;  ^ 
whereas,  in  the  elephant,  and  other  animals  des« 


•  See  Mr  CoUinson's  fmpers,  above  referred  to.     Phil- 
Trans.  VoL  LVIL 
t  PhiL  Tram.  Vol  LVIII.  p.  S,  &c. 
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tined  to  live  on  vegetable  food,  the  enamel  is  in- 
termixed with  the  substance  of  the  tooth.  ♦ 

410.  Though  this  argument  appears  to  be  of 
considerable  weight,  yet  Camper,  who  was  greatly 
skilled  in  comparative  anatomy,  and  who  had  stu- 
died this  subject  with  particular  attention,  was  of 
opinion,  that  these  grinders  belong  to  a  species  of 
elephant.  This  opinion  he  states  in  a  letter  to 
Pallas,  who  had  found  grinders  and  other  bones  of 
this  same  animal,  on  the  western  declivity  of^the 
Ural  mountainsp  t  Camper  denies  that  the  ani- 
mal is  carnivorous,  because  the  incisores^  or  canine 
teeth,  are  wanting  \  and  he  argues  farther,  from 
the  weight  of  the  head,  which  may  be  inferred 
from  the  weight  of  the  grinders,  that  the  neck 
most  have  been  short,  and  the  animal  must  have 
been  fomished  with  a  proboscis.  He  afterwards 
abandoned  the  latter  hypothesis,  and  gave  it  as  his 


■  A  fossil  grinder,  in  the  collection  of  John  Macgowan, 
Esq,  of  Edinburgh,  answers  nearly  to  Mr  Colli  neon's  de- 
scription, and  is  very  well  represented  by  the  figure  which 
acctJmpanies  it.  This  grinder  weighs  four  pounds  one-fourth 
avoirdupois ;  the  circumference  of  the  corona  is  eighteen 
inches ;  the  coat  of  enamel  is  one-fourth  of  an  inch  thick ; 
there  are  five  double  teeth ;  in  Mr  CoUinson's  specimen 
there  are  only  four. 

f  Acta  Acad.  Petrop,  Tom.  L  (1777>)  pars  posterior, 
p.  213,  &e. 
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opinion,  that  the  incognitum  was  neither  carnivo- 
rous, nor  a  species  of  the  elephant.  * 

411.  Nevertheless,  Cuvier,  in  a  memoire  read 
before  the  National  Institute  of  Paris,  maintains^ 
that  the  fossil  bones  of  the  new  Continent,  as  wdl 
as  most  of  those  of  the  old,  belong  to  certain  spe- 
cies of  the  elephant ;  of  which,  at  least,  two  do  not 
now  exist,  and  are  only  known  from  remains  pre» 
served  in  the  ground.  He  distinguishes  them 
thu^tf 

Elephas  mammonteus,*'''inajnUd  obtusiore^  la- 
melUs  molarivm  tenuibuSj  rectis. 

Elephas  Americanus, — molaribus  mul&cuspidU 
bus,  lamellis  post  detritionem  quadrulobatis. 

The  latter  species,  which  is  meant  to  include 
the  animal  incog7iitu7n,  is  said  to  have  lived,  not 
only  in  America,  but  in  many  parts  of  the  old 
Continent.  Yet  some  late  inquiries  into  the  struc- 
ture of  the  teeth  of  graminivorous  animals,  and 
particularly  of  the  elephant,  make  it  very  impro- 
bable that  the  incognitum  has  belonged  to  this 
genus.  I     The  grinders  of  the  elephant  have  been 

•  Ibid.  Tom.  II.  (1784,)  p.  262. 

t  M6moires  de  I'lnstitut  National,  Sciences  Physiques^ 
Tom.  II.  p.  19i  &c. 

J  See  Mr  Home's  Observations  on  the  Teeth  of  Gramini- 
vorous Animals,  Phil.  Trans.  1799*  Also,  an  Essay  on  the 
Structure  of  the  Teeth,  by  Dr  Blake. 
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found  to  consist  of  three  substances,  enamel,  bone, 
and  what  is  called  the  crusta  peirosa^  applied  in 
layers,  or  folds  contiguous  to  one  another  ;  and  no 
vestige  of  this  structure  appears  in  the  grinders  of 
the  unknown  animal  of  the  Ohio,  *  At  the  same 
time,  Dr  Hunter's  assertion,  that  this  animal  was 
carnivorous,  is  rendered  doubtful,  not  only  by  the 
want  oi  canine  teeth,  but  also  from  the  resemblance 
between  its  grinders  and  those  of  the  wild  boar, 
which  Mr  Home  has  observed  to  be  considera- 
ble.  t  The  grinder  of  the  boar  is  similar  to  that 
of  the  elephant,  in  the  extent  of  the  masticating 
surface,  but  not  at  all  in  the  internal  structure  y 
and  the  same  is  true  of  the  tooth  of  the  animal  in* 


»  In  a  paper  inserted  in  the  fourth  volume  of  the  Ameri- 
can Philosophical  Transactions,  an  account  is  given  cJf  two 
diflerent  grinders  that  are  fount!  at  the  Salt  Licks  near  the 
Ohio.  One  of  them  resembles  the  grinder  of  the  elephant, 
and  may  have  belonged  to  Uie  Ekphae  Americanua  of  Cu- 
vier  ;  the  other  agrees  pretty  nearly  with  the  grinder  of  Dr 
Hunter's  animal  iticogfutmn,  Ihe  author  of  the  paper 
thinks  that  the  animal  incognitum  was  not  wholly  carnivo- 
rouB,  as  the  incisoreSf  or  canine  teeth,  are  never  found.  At 
the  Great  Bone  Lick>  bones  of  smaller  aninialsj  particularly 
of  the  buffalo  kind,  have  been  discovered*  The  saline  im- 
pregnation of  the  earth  at  these  Licks  must  no  doubt  have 
contributed  to  the  preservation  of  the  bones.  Trans*  Aiue- 
rican  Phil.  Soc.  Vol,  IV,  Cl799i)  p.  510,  8cc, 

f  Observations  on  the  Grindiisg  Teeth  of  tlie  Wild  Boar 
and  Aninutl  Incognllum,     Phil.  Trans,  1801,  p.  319- 
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cognitum,  so  that  a  considerable  probability  is  es- 
tablished, that  it  and  the  boar  are  of  the  same  ge- 
nus, and  both  destined  to  live  occasionally  either 
on  animal  or  vegetable  food. 

412.  Another  animal  incognittim  found  in  South 
America  has  been  described  by  Cuvier,  and  ap- 
pears to  be  of  a  different  genus  from  the  incognU 
turn  of  the  North.  Thus,  if  we  include  the  two 
incognita  of  America,  the  elephas  mammonteus^ 
the  unknown  buffalo  of  Pallas,  and  the  great  ani- 
mal of  Bayieuth,  we  have  at  least  five  distinct  ge- 
nera, or  species  of  the  animal  kingdomi  which  ex- 
isted on  our  continents  formerly,  but  do  not  exist 
on  them  now.  The  number  is  probably  much 
greater  :  Pallas  mentions  fossil  horns  of  a  gazelle, 
of  an  unknown  species  ;  and  horns  ofrfeer  are  often 
found,  that  cannot  be  referred  to  any  species  now 
existing.  Those  extioct  races  have  been  remarka- 
ble for  their  size :  some  of  the  ancient  elephants 
appear  to  have  been  three  times  as  large  as  any  of 
the  present*  ♦ 

413.  The  inhabitants  of  the  globe,  then,  like  all 
the  other  parts  of  it,  are  subject  to  change.  It  is 
not  only  the  individual  that  perishes,  but  whole 
species,  and  even  perhaps  genera^  are  extinguish- 
ed. It  is  not  unnatural  to  consider  some  part  of 
this  change  as  the  operation  of  man.     The  exten- 
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of  his  power  would  necessary  subvert  the  ba- 
ance  that  had  before  been  established  bet\veeQ  the 
bhabitants  of  the  earth,  and  the  means  of  their 
lubsistence.  Some  of  the  larger  and  fiercer  ani- 
Bials  might  indeed  dispute  with  him,  for  a  long 
lime,  the  empire  of  the  globe  ;  and  it  may  have  re- 
squired  the  arm  of  a  Hercules  to  subdue  the  nion- 
iters  which  lurked  in  the  caves  of  Ba)Teuth,  or 
roamed  on  the  banks  of  the  Ohio.  But  these,  with 
Others  of  the  same  character,  wxre  at  length  exter- 
minated :  the  more  innocent  species  fled  to  a  dis- 
^nce  from  man  ;  and  being  forced  to  retire  into 
the  most  inaccessible  parts,  where  their  food  was 
^canty,  and  their  migration  checked,  they  may 
pave  degenerated  front  the  size  and  strength  of 
Itheir  ancestors,  and  some  species  may  have  been 
entirely  extinguished. 

»  But  besides  this,  a  change  'in  the  animal  king. 
iom  seems  to  be  a  part  of  the  order  of  nature,  and 
18  visible  in  instances  to  which  human  power  can- 
(Hot  have  extended.  If  we  look  to  the  most  an- 
cient inhabitants  of  the  globe,  of  which  the  re- 
'inains  are  preserved  in  the  strata  themselves,  we 
*find  in  the  shells  and  corals  of  a  foiTuer  world 
btiardly  any  that  resemble  exactly  those  which  exist 
ia  the  present.  The  species,  except  in  a  few  in- 
Mtnces,  are  the  same,  but  subject  to  great  varieties* 
The  vegetable  impressions  on  slate,  and  other  ar- 
<gillaceous  stones,   can   seldom  be  exactly  recog- 
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nised  j  and  even  the  insects  included  in  amber,  are 
different  from  those  of  the  countries  iu  which  the 
amber  is  found. 

414,  Supposing,  then,  the  changes  which  have 
taken  place  in  the  qualities  and  habits  of  the  ani. 
mal  creation,  to  be  as  great  as  those  in  their  struc- 
ture and  external  form,  we  can  have  no  reason  to 
wonder  if  it  should  appear  that  some  liave  former- 
ly dwelt  in  countries  from  which  the  similar  races 
are  now  entirely  banished.  The  power  of  living  in 
a  different  climate,  of  enduring  greater  degrees  of 
cold  or  of  heat,  or  of  subsisting  on  different  kinds  of 
food,  may  very  well  have  accompanied  the  other 
changes.  Though  one  species  of  elephant  may 
now  be  confined  to  the  southern  parts  of  Asia, 
another  may  have  been  able  to  endure  the  severer 
climates  of  the  north  ;  and  the  same  may  be  true 
of  the  buffalo  or  the  rhinoceros.  In  all  this  no 
phy.sicai  impossibility  is  involved ;  though  whether 
it  is  a  probable  solution  of  the  diiBcuIty  concern- 
ing the  origin  of  these  animal  remains,  can  only  be 
judged  of  from  other  circumstances. 

415.  If  we  consider  attentively  the  facts  that 
respect  the  Siberian  fossil  bones,  there  will  appear 
insurmountable  objections  to  every  theory  that 
supposes  them  to  be  exotic,  and  to  have  been 
brought  into  their  present  situation  from  a  distant 
country. 

The  extent  of  the  tract  through  which  these 
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bones  are  scattered,  is  a  circumstance  truly  won- 
derful. Pallas  assures  us,  "*"  that  there  is  not  a  ri- 
ver of  considerable  size  in  all  the  north  of  Asia, 
from  the  Tanais,  which  mas  into  the  Black  Sea,  to 
the  Anadyr,  which  falls  into  the  Gulf  of  Kamt* 
chatka,  in  the  sides  or  bottom  of  which  bones  of 
elephants  and  other  large  animals  have  not  been 
found.  This  is  especially  the  case  where  the  ri- 
vers run  in  plains  through  gravel,  sand,  clay,  &c*  ; 
among  the  mountains,  the  bones  are  rarely  disco- 
vered. The  extent  of  the  tract  just  mentioned 
exceeds  four  thousand  miles ;  and  how  the  bones 
could  be  distributed  over  all  that  extent,  by  any 
means  but  by  the  animals  having  lived  there,  it 
Beenis  impossible  to  conceive.  No  torrent  nor 
inundation  could  have  produced  this  effect,  nor 
could  the  bones  brought  in  that  way  have  been 
laid  together  so  as  to  form  complete  skeletons. 

41 6.  One  fact  recorded  by  the  same  author, 
seems  calculated  to  remove  all  uncertainty.  It  is 
that  of  the  carcase  of  a  rhinoceros,  almost  entire, 
and  covered  with  the  bide,  found  in  the  earth  in 
the  banks  of  the  river  Wilui,  which  falls  into  the 
Lena  below  Jakutsk.  f     Some  of  the  muscles  and 

•  De  Rellquiis  Auiiiialium  exoticoninij  per  Asiam  Bo- 
reolem  repertis. — Nov.  Caoiment  Petn^p.  Tom.  XV I L 
(1772,)  p,  576. 

+  Psillas  ufn  .mitra,  p.  5H6.  Also,  V^oya^es  de  Pallas, 
Tom-  IV,  p.  131. 
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tendons  were  actually  adherii^  to  the  head  when 
Fdlas  received  it.  The  head,  after  being  dried  in 
an  oven,  is  still  preserved  in  the  museum  at  Peters- 
burgh.  The  preservation  of  the  skin  and  muades 
of  this  natural  mummy,  as  Pallas  calls  it,  was  no 
doubt  brought  about  hj  its  being  buried  in  earth 
that  was  in  a  state  of  perpetual  congelation; 
for  the  place  is  in  the  parallel  of  64''»  where  the 
ground  is  never  thawed  but  to  a  very  small  deptk 
below  the  surface. 

But  by  what  means  can  we  account  for  the  car- 
case of  a  rhinoceros  behig  buried  in  the  earth,  on 
the  confines  of  the  polar  circle  ?     Shall  we  ascribe 
it  to  some  immense  torrent,  which,  sweeping  across 
the  desarts  of  Tartary,  and  the  mountains  of  Altai,  * 
transported  the  productions  of  India  to  the  plains 
of  Siberia,  and  interred  in  the  mud  of  the  Lena  the 
animals  that  had  fed  on  the  banks  of  the  Barampoo* 
ter  or  the  Ganges  ?     Were  all  other  objections  to 
so  extraordinai7  a  supposition  removed,  the  preser- 
vation of  the  hide  and  muscles  of  a  dead  animal, 
and  the  adhesion  of  the  parts,  while  it  was  dragged 
for  2000  miles  over  some  of  the  highest  and  most 
rugged  mountains  in  the  world,  is  too  absurd  to 
be  for  a  moment  admitted.     Or  shall  we  suppose 
that  this  carcase  has  been  floated  in  by    an   in- 
undation of  the  sea,  from  some  tropical   country 
now  swallowed  up,  and  of  which   the  numerous 
islands  of  the  Indian  Archipelago  are  the  remains  ? 

10 
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|irhe  heat  of  a  tropical  climate,  and  the  putre^ 
icence  naturally  arising  from  it,  would  soon,  inde- 
pendently of  all  other  accidents,  have  stripped  the 
bones  of  their  covering.  Indeed  this  imtmitia 
^ingularis,  as  in  every  sense  it  may  properly  be 
^led,  seems  calculated  for  the  express  purpose  of 
excluding  every  hypothesis  but  one  from  being 
Employed  to  explain  the  origin  of  fossil  bones. 
|It  not  only  excludes  the  two  which  have  just  been 

Kentioned,  but  it  excludes  also  that  of  Buff  on,  viz, 
lat  these  bones  are  the  remains  of  animals  which 
llived  in  Siberia,  when  the  arctic  regions  enjoyed  a 
kfine  climate,  and  a  temperature  like  that  which  south- 
iem  Asia  now  possesses.  From  the  preservation 
|of  the  flesh  and  hide  of  this  rhinoceros,  it  is  plain, 
^that  when  the  body  was  buried  in  the  earth,  the 
^climate  was  much  the  mme  that  it  is  now%  and 
^the  cold  sufficient  to  resist  the  progress  of  putre- 
ifaction. 

)  Pallas  takes  notice  of  the  inconsistency  of  the 
i  state  of  this  skeleton,  with  the  hypothesis  of  Buf- 
ifon  ;  but  he  does  not  observe  that  the  inconsistency 
lu  equally  great  between  it  and  his  own  hypothesis^ 
I  the  impoitation  of  the  fossil  bones  by  an  inundation 
of  the  sea,  and  that  flesh  or  muscle  must  have  been 
I  entirely  consumed  long  before  it  could  be  carried 
^Tjy  the  waves  to  the  parallel  of  61"*,  from  any  di* 
mate  which  the  rhinoceros  at  present  mhabits. 
417«  The  presence  of  petrified  marine  objects  in 
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places  where  some  of  the  fossil  bones  are  fountlt  is 
no  proof  that  the  latter  have  come  from  the  sea, 
though  it  is  produced  as  such  both  by  Pallas  him- 
self, and  afterwards  by  Kirwan.     These  marine 
bodies  are  the  shells  and  corals  that  have  been 
parts  of  calcareous  rocks,  from  which  being  de- 
tached by  the  ordinary  progress  of  disintegration, 
they  are  now  contained  in  the  beds  of  sand  or  gra- 
vel where  the  animal  remains  are  buried.     They 
have  nothing  io  common  with  these  remains  ;  they 
are  real  stones,  and  belong  to  another,  and  a  far 
more  remote  epocba.     Such  objects  being  found  in 
the  same  place  where  the  bones  lie,  argues  only 
that  the  strata  in  the  higher  grounds,  from  which 
the  gravel  has  come,  are  calcareous  j  and  nothing 
can  show  in  a  stronger  light  the  necessity  of  dis- 
tinguishing the  different  condition  of  fossil  bodies, 
united  by  the  mere  circumstance  of  contiguity,  be- 
fore we  draw  any  inference  as  to  their  having  a 
common  origin*     If  the  marine  remains  were  in 
the  same  condition  with  the  bones ;  if  they  were  in 
no  respect  mineralized  ;  then  the  conclusion,  that 
both  had  been  imported  by  the  s^,  w^ould  have 
great  probability  ;  but  without  that,  their  present 
union  must  be  held  as  casual,  and  can  give  no  in- 
sight  into  the  origin  of  either* 

4 1 8.  On  the  whole,  therefore,  no  conclnsion 
mains,  but  that  these  bones  have  belonged  to  sp 
cies  of  elephants,  rhinoceros,  &c.  which  inhabitedj 
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the  very  countries  where  their  remains  are  now  bu- 
ried, and  which  could  endure  the  severity  of  the 
Siberian  climate.  The  rhinoceros  of  the  Wilui 
certainly  lived  on  the  confines  of  the  Polar  Circle, 
and  was  exposed  to  the  same  cold  while  alive,  by 
which,  when  dead,  its  body  has  been  so  long,  and 
so  curiously  presei-ved* 

These  animals  may  also  have  lived  occasionally 
farther  to  the  south,  among  the  valleys  between  the 
great  ranges  of  mountains  that  bound  Siberia  on 
that  side.  Fossil  bones  are  but  rarely  found  in 
these  valleys,  probably  because  they  have  been  wash- 
ed down  from  thence  into  the  plains.  We  must 
observe,  too,  that  those  animals  may  have  migrated 
with  the  seasons,  and  by  that  means  avoided  the  ri- 
gorous winter  of  the  high  latitudes.  The  dominion 
of  man,  by  rendering  such  migration  to  the  larger 
animals  difficult  or  impossible,  must  have  greatly 
changed  the  economy  of  all  those  tribes,  and  nar- 
rowed the  circle  of  their  enjoyments  and  existence. 
The  heaps  in  which  the  fossil  bones  appear  to  be 
accumulated  in  particular  places,  especially  in  North 
America,  have  a  great  appearance  of  being  con- 
nected with  the  migrations  of  animals,  and  the  ac- 
cidents that  might  bring  multitudes  of  them  into 
the  same  spot. 

What  holds  of  Siberia  and  of  Noilh  America,  is 
applicable,  ajbriiorit  to  all  the  other  places  where 
animal  remains  are  found  in  the  same  condition. 
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Thus  we  are  carried  back  to  a  time  when  many 
larger  species  of  animals^  now  entirely  extinct,  m- 
liabited  the  earth,  and  when  varieties  of  those  that 
are  at  present  confioed  to  particular  situations, 
-were,  either  by  the  liberty  of  migration,  or  by 
their  natural  constitution,  accommodated  to  all  the 
diversities  of  climate.  This  period,  though  be- 
yond the  limits  of  ordinary  chronology,  is  poste- 
rior to  the  great  revolutions  on  the  earth's  sur&ce, 
and  the  latest  among  geological  epochas. 


Note  xxm.  §  128» 
Geology  qf  Kirwan  and  Deluc* 


I 


419*  The  two  champions  of  the  Neptunian  sys- 
tem, who  have  distinguished  themselves  most  by 
their  hostility  to  Dr  Hutton,  are  Deluc  and  Kir- 
wan.  They  have  carried  on  their  attack  nearly  on 
the  same  plan,  and  have  employed  against  their  an- 
tagonist  the  weapons  both  of  theology  and  science. 
With  a  spirit  as  injurious  to  the  dignity  of  religtoD, 
as  to  the  freedom  of  philosophical  inquiry,  they 
have  disregarded  a  maxim  enforced  by  the  autho- 
rity of  Bacon,  and  by  all  our  experience  of  \h& 
past ;  "  Tanto  magis  hwc  vanitas  hihibetida  venit 
ei  coercenda^  quia^  ea:  divinorum  et  humanorm 
malC'Sana  admlvtionc\  non  solum  educilur  phikh 
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^hia  phantastica^  sed  etiam  religio  hmretica. 
taque  salutare  admodum  est^  si  menie  sobrid^ 
dei  tantum  dentur  quce  fidei  sunC*  * 

Proceeding,  accordingly,  in  direct  opposition  to 
lies  that  have  never  yet  been  violated  with  impu- 
ity,  and  mistaking  the  true  object  of  a  theory  of 
le  earth,  they  carry  back  their  inquiries  to  a  period 
rior  to  the  present  series  of  causes  and  effects, 
here,  having  neither  experience  nor  analogy  to 
irect  them,  they  pretend  to  be  guided  by  a  supe- 
or  light.  They  would  have  us  to  consider  their 
jological  speculations  as  a  commentary  on  the  text 
"  Moses  ;  they  endeavour  to  explain  the  action  of 
•eative  power,  and,  with  indiscreet  curiosity,  would 
tar  off  the  veil  which  the  hand  of  the  prophet  has 
\  wisely  respected.  But  the  veil  cannot  be  torn 
f,  and  all  that  is  behind  it  must  be  to  man  as  that 
hich  never  has  existed. 

t420.  M.  Deluc  has  nevertheless  treated  very  dif- 
isely  of  the  history  of  the  solar  system,  previous 
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The  whole  paiisage  is  deserving  of  attention,  and  it 

ras  as  if  tlie  prophetic  spirit  of  Bacon  had  addressed  it  to 
cosmologists  of  tlie  present  day.     '*  Pessinm  enhn  res  est 
Torem  apotheosis,  ct  pro  peste  iniellccttts  kahcnda  cjit,  si 
it  accedat  veHcraikh     Huic  aittem  imfiilaii  nonnutli  ex  mom 
summu  levUaie  it  a   ittditherunig   «/,   in  pnmo  ca pi  tola 
Bob,  et  alih  ScriiUuris  Sacris,  phUmophiam  naturakm 
€  cnnati  sunt  t  Inter  viva  quscrentes  mortua.'* — Nov- 
anum.  Lib*  I*  Aphor.  65 < 
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to  the  establishment  of  the  present  laws  of  nature, 
and  has  dwelt  on  it  with  great  complacency,  and 
singular  minuteness  of  detail.  His  tenth  letter  to 
Lametherie  has  the  following  title  : 

**  On  the  History  of  the  Earth,  from  the  time  when 
that  planet  was  penetrated  by  lights  till  the  appear- 
ance of  the  sun  ;  a  portion  of  time  which  includes 
the  origin  of  heat,  and  of  the  figure  of  the  earth ; 
of  its  primeval  strata,  of  the  ancient  sea,  of  our  con- 
tinents, as  the  bottom  of  that  sea,  of  the  great 
chains  of  mountains,  and  of  vegetation,**  * 

I  must  confess  that  I  ani  unacquainted  with  every 
thing  of  this  letter  but  the  title  ;  and  could  not 
easily  be  prevailed  on  to  follow  any  man  who  pro- 
fessedly goes  out  of  nature  in  search  of  knowledge ; 
who  pretends  to  give  the  history  of  our  planetary 
system  when  there  was  no  sun,  and  to  enumerate 
the  events  which  took  place  between  the  existence 
of  that  lurainaiy,  and  the  existence  of  light*     The 
absurdity  of  such  an  undertaking  admits  of  no  apo- 

•  Journal de  Physique,  Tom.XXXViL  (1790,)  PartieSde, 
p.  332.  As  I  may  not  have  done  justice  to  this  extraordi- 
nary titlcj  it  may  be  right  to  present  it  m  tlie  original.  **  Sur 
I'Histoire  de  la  TehrEj  depuis  que  cette  pianette  fat  peue- 
tr^e  de  lumierEj  jusqu'a  Tapparition  du  soleil;  espacetk 
terns  qui  renferme  les  oeigines  de  la  chnleur^  et  de  la^/^ 
de  notre  globe ;  de  ses  coitckes  primordiaks^  de  tanaf^ 
mer,  de  nos  coniinens,  conimc  fond  de  cette  mer,  de  lew 
grandtfi  chained  de  fuonUtgnUj  et  de  ]a  vegetation** 
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logy  ;  and  tlie  smile  which  it  might  excite,  if  ad- 
dressed merely  to  the  fancy >  gives  place  to  indig- 
nation when  it  assumes  the  air  of  philosophic  inves- 
tigation. 

421.  It  sets,  however,  in  a  strong  light,  the  in- 
consistencies that  may  be  observed  in  the  intellec- 
tual character  of  the  same  individyal,  to  consider 
that  the  author  of  this  strange  and  inconsistent  re- 
verie, is,  ne%^ertheless,  an  excellent  observer,  and 
well  skilled  in  experimental  Inquiries.  It  will 
hardly  be  believed  that  he  who  writes  the  history 
of  the  earth  before  the  formation  of  the  sun,  is 
versed  in  the  principles  of  inductive  reasoning ; 
and  that  he  has  added  much  to  the  stock  of  geo- 
logical knowledge,  having  observed  accurately,  and 
described  with  great  perspicuity  and  candour.  His 
Lettres  Physiques  are  full  of  valuable  and  just  ob- 
servations, though  accompanied  with  reasonings 
that  do  not  seem  always  entitled  to  the  same  praise ; 
and  in  another  work  he  has  succeeded  where  many 
men  of  genius  had  failed,  and  has  made  consider* 
able  improvements  in  a  branch  of  the  mathematics, 
without  borrowing  almost  any  assistance  from  the 
principles  of  that  science.  * 

422.  Some  of  the  same  observations  apply  to  Mr 
Kirwan.  His  Geological  Essays  have  also  for  their 
object  to  explain  the  first  origin  of  things  ;  and  to 

•  E$sai  sur  lea  Modifications  tie  TAtniosphcre. 


4170  nxonmATioiis  of  thb 

mj  tbM  be  bai  not  succeeded,  in  an  altempi  where 
no  nan  eier  cm  luccccd,  implies  no  reproidi  cm 
tibe  cxecndon  of  his  wotk,  whatever  it  m^  do  oo 
the  design.   We  hare  indeed  no  criterion  bjr  wUdi 
tibe  eigqulion  of  it  can  be  estinwtpd  :  what  would 
in  an^  other  place  be  a  blemtsh,  nuy  be  here  de- 
ofpniae;  and  if  the  work  is  fbU  of  coofii- 
and  peiplexity,  these  aie  qpdities  inherent  is 
the  anfa^ect  which  it  is  intended  to  describe.    It 
were,  no  doobi,  to  be  widied,  that  after  emerging 
into  the  regions  of  da j,  Mr  Kirwan  had  been  u 
anceessfal  in  copying  the  beauty  and  sim^icity  of 
nature^  as  in  icprcscnting  the  disorder  and  incon- 
SBlency  of  the  diaotic  mass.     But  his  cosmolc^  ii 
without  unity  in  its  fmnciples^  or  consistency  initi 
parts :  the  causes  introduced,  are»  fixr  the  moit 
part,  such  as  will  account  for  one  set  of  i^ipearuioes 
just  as  well  as  for  another ;  or,  if  any  of  them  ii 
likely  to  prove  inadequate  to  the  eifect  ascribed  to 
it,  a  new  and  arbitrary  hypothesis  is  always  resdy 
to  come  to  its  assistance.     The  information  ffmk 
is  seldom  exact :  a  multitude  of  hcts  brought  to- 
gether, without  the  order  and  discussion  essential 
to  precise  knowledge ;  and  an  infinity  of  qootationi^ 
amassed  without  criticism   or  comparison,  aflford 
proofs  of  extensLTe  reading,  but  of  the  most  hastj 
and  superficial  inquiry.     Thus  we  haye  seen  pas- 
sages from  Ulloa  and  Frisi,  produced  in  8U[qport  of 
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opinionSt  which,  when  fairly  stated,  they  had  the 
most  direct  tendency  to  overthrow. 

423.  In  one  respect,  the  geological  writings  of 
Kirwan  are  far  inferior  to  Deluc's  :  They  are  evi- 
dently the  productions  of  a  man  who  has  not  seen 
nature  with  his  own  eyes ;  who  has  studied  mi- 
neralogy in  cabinets,  or  in  books  only  ;  but  who 
lias  seldom  beheld  fossils  in  their  native  place. 
With  the  balance  in  his  hand,  and  the  external 
characters  of  Werner  in  his  view,  he  has  examined 
minerals  with  diligence,  and  has  discovered  many 
of  those  marks  which  serve  to  ascertain  their  places, 
in  a  system  of  artificial  arrangement.  But  to  rea- 
son  and  to  arrange  are  very  different  occupations 
of  the  mind  ;  and  a  man  may  deserve  praise  as  a 
mineralogist,  who  is  but  ill  qualified  for  the  re- 
searches of  geology. 

424*  The  same  hurry  and  impatience  are  visible 
in  the  manner  in  which  his  argument  against  Dr 
Hutton  is  usually  conducted.  He  has  seldom  been 
careful  to  make  himself  master  of  the  opinions  of 
his  adversary ;  and  what  he  gives  as  such,  and 
directs  his  reasonings  against,  have  often  no  re- 
semblance to  them  whatsoever.  Without  any  in* 
tention  to  deceive  others,  hut  deceived  himself,  he 
usually  begins  with  misrepresenting  Dr  Hutton's 
notions,  and  then  proceeds  to  the  refutation  of 

CIn  this  imaginary  contest,  it  will  readily  be 
?d»  that  he  is  in  general  succensful :  when  a 


I 


>wn  argument, 
and  that  of  his  antagonist,  he  must  be  a  very  un- 
skilful logician  if  he  does  not  come  oflp  with  the  ad- 
vantage. 

425.  It  is  but  justice,  however,  to  the  Neptu- 
nists,  to  acknowledge,  that  they  are  not  all  liable  to 
the  censure  of  beginning  their  researches  from  a 
period  antecedent  to  the  existence  of  the  laws  of 
nature.  This  absurdity  tloes  not,  so  far  as  I  know, 
infect  the  system  of  Werner.  That  mineralogist 
has  not  proposed  to  explain  the  first  origin  of 
things,  though  he  has  supposed,  at  some  former 
period,  a  condition  of  the  globe  very  unlike  the 
present,  viz*  the  entire  submersion  of  the  solid  un- 
der the  fluid  part. 


{ 


Note  xxiv.  §  129* 
Sifstem  of  BuFFON. 


426,  The  aflSnity  of  Dr  Hutton*s  theory  to  that 
of  Buffbn,  is  nothing  more  than  what  arises  frm 
their  making  use  of  the  same  agents,  viz.  fire  and 
v^ater,  in  producing  the  present  condition  of  the 
earth's  surface.  In  almost  all  other  respects  the 
two  theories  are  extremely  different.  The  order  in 
which  those  agents  are  employed  in  them,  is  direct- 
ly opposite,  as  has  ah'eady  been  remarked  j  Buffijti 
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introducing  the  action  of  fire  first,  and  of  water 
only  in  the  second  place,  to  waste  and  destroy  mi- 
neral bodies,  and  afterwards  to  dispose  them  anew, 
and  arrange  them  into  strata.  He  makes  no  pro- 
vision for  tlie  consolidation  of  these  strata,  nor  any 
for  their  angular  elevation  ;  he  has  no  means  of 
explaining  the  unstratified  rocks ;  nor  any,  but  one 
extremely  imperfect,  for  explaining  the  inequalities 
of  the  earth's  surface. 

Again,  BufFon  mistook,  in  some  degree,  the  true 
object  of  a  theory  of  the  earth ;  and  though  he  did 
not  go  back,  like  the  geologists  just  named,  to  a 
time  when  the  laws  of  nature  were  not  fully  esta- 
blished, he  begins  from  a  condition  of  things  too  un- 
like the  present  to  be  the  basis  of  any  rational  spe- 
culation. He  does  not,  indeed,  undertake  to  ex- 
amine the  state  of  our  planetary  system  before  the 
sun  existed ;  for  from  such  extravagance,  even 
when  most  disposed  to  indulge  his  fancy,  he  would 
surely  have  revolted.  But  he  treats  of  the  w^orld, 
when  the  earth  and  the  planets  had  just  ceased  to 
be  a  part  of  the  sun,  and  were  newly  detached 
fi"om  the  body  of  that  luminary.  "* 

This  hypothesis  concerning  the  origin  of  the 
planets,  contrived  chiefly  to  account  for  the  circum- 
stance of  their  motion  being  all  in  the  same  direc- 


•  According  to  Buffon,  die  ^anite  i&  the  true  solar  iimt- 
ter^  unchanged  but  by  its  congelation. 
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tion,  and  in  other  respects  not  only  unsupported, 
but  even  inconsistent  with  the  principle  of  gravitir 
tion,  has  nothing  in  common  with  a  theory,  con- 
fined as  Dr  Hutton's  i^  within  the  field  which 
must  for  eyer  bound  our  inquirieSf  and  not  yentur- 
ing  to  speculate  about  the  earth,  when  in  a  condi- 
tion totally  different  from  the  present* 

427*  In  what  relates  to  the  future,  the  two  sys- 
tems are  not  more  like  than  in  what  relates  to  the 
past  Buffon  represents  the  cooling  of  our  planet, 
and  its  loss  of  heat,  as  a  process  continually  advan- 
cing, and  which  has  no  limit,  but  the  final  extinc- 
tion of  life  and  motion  over  all  the  surfiu^e,  and 
through  all  the  interior,  of  the  earth*  The  death 
of  nature  herself  is  the  distant  but  gloomy  object 
that  terminates  our  view,  and  reminds  us  of  the 
wild  fictions  of  the  Scandinavian  mythology,  ac- 
cording to  which,  annihilation  is  at  last  to  extend 
its  empire  even  to  the  gods.  This  dismal  and 
unphilosophic  vision  was  unworthy  of  the  genius 
of  Buffon,  and  wonderfully  ill  suited  to  the  ele- 
gance and  extent  of  his  understanding.  It  forms 
a  complete  contrast  to  the  theory  of  Dr  Hutton, 
where  nothing  is  to  be  seen  beyond  th^  continua- 
tion of  the  present  order ;  where  no  latent  seed  of 
evil  threatens  final  destruction  to  the  whole ;  and 
where  the  movements  are  so  perfect,  that  they 
can  never  terminate  of  themselves.  I'his  is  surely 
a  view  of  the  world  more  suited  to  the  dignity  of 
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Nature,  and  the  wisdom  of  its  Author,  than 
has  yet  been  offered  by  any  other  system  of  cosmo- 
logy- 

428.  I  have  often  quoted  Biiffon  in  the  course 
of  these  Illystrations,  and  most  commonly  for  the 
purpose  of  combating  his  opinions  ;  but  I  am  very 
sensible)  nevertheless,  of  the  obligations  under 
which  he  has  laid  all  the  sciences  connected  with 
the  natural  history  of  the  earth, 

The  extent  and  variety  of  his  knowledge,  the 
justness  of  his  reasonings,  the  greatness  of  his 
views,  his  correct  taste,  and  manly  eloquence, 
qualified  him,  better,  perhaps,  than  any  other  in- 
dividual, to  compose  the  History  of  Nature,  The 
errors  iuto  which  he  has  fallen,  are  almost  all  the 
unavoidable  consequences  of  the  circumstances  in 
which  he  was  placed  \  and  if  their  amount  is  esti- 
mated by  the  proportion  that  tliey  bear  to  the  ge- 
neral excellence  of  the  work,  they  %vill  be  reckon- 
ed but  of  small  account.  Buffon  began  to  write 
when  many  parts  of  natural  history  had  made  but 
little  progress  \  when  the  quantity  of  authentic  in- 
formation was  small,  and  when  scientific  and  cor- 
rect description  was  hardly  to  be  found.  Many 
of  the  greatest  and  most  important  facts  in  geolo- 
gy were  quite  unknown,  and  scarcely  any  part  of 
the  mineral  kingdom  had  been  accurately  survey^ 
ed  ;  and,  with  such  materi<ils  as  this  state  of  things 
j^Tofded,  it  is  not  wonderful  if  some  parts  of  the 
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edifice  he  erected  have  not  proved  so  solid  and 
durable  as  the  rest.  Had  he  appeared  somewhat 
later  ;  had  he  been  farther  removed  from  the  time 
when  reasonings  a  priori  usurped  the  place  of  in- 
duction }  and  had  he  been  as  willing  to  correct 
the  errors  into  which  he  had  been  betrayed  by  im- 
perfect  infbnnation,  as  he  was  ingenious  in  defend- 
ing them,  his  woik  would  probably  have  reached 
as  great  pofection,  as  it  is  given  for  any  thing 
vidMNit  tlie  splme  of  the  accurate  sciences  to  at- 
ttia*  If  ke  had  examined  the  natural  history  of 
Bore  widi  his  own  eyes,  and  been  as 
ta  MiaaiAe  it  with  fidelity  as  force ;  if  he 
ladl  faniJi  vidi  paatar  care  to  the  philosophers 
wwuaiHai?  kal  ke  attended  to  the  demonstra- 
aiiQ»trirXi}«taa  ■«)««»  woA  despised  the  arrange- 
vamfi$  «f  limunas  less ;  be  would  have  produced 
a  wwk»  as  sii^ahr  for  its  truth  as  for  its  beauty^ 
aad  wwdd  hav^  gone  near  to  merit  the  eulogy 
pronounced  by  the  oithusiasm  of  his  countrymen, 
Majestati  Nature  par  ingekium. 


Note  xxv.  §  130. 

Figure  qftke  Earth. 

4^.  Thai  the  earth  is  a  spheroidal  body,  com- 
prcfisad  aft  tiie  pales»  or  devated  at  the  equator,  is 
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a  fact  established  by  iiiaDy  accurate  experiments  ; 
and  though  these  experiments  do  not  exactly  co- 
incide,  as  to  the  degree  of  oblateness  which  they 
give  to  that  spheroid,  they  agree  sufficiently  to  put 
it  beyond  all  dispute,  that  the  earth,  though  solid, 
has  nearly  the  same  figure  which  it  would  assume 
if  fluid,  in  consequence  of  its  rotation  on  its  axis- 

Now,  it  is  not  at  all  obvious,  to  what  physical 
cause  this  phenomenon  is  to  be  ascribed.  The 
earth,  as  it  exists  at  present,  has  none  of  the  con- 
ditions that  render  the  assumption  of  the  figure  of 
equilibrium  in  any  way  necessary  to  it*  Consti- 
tuted as  it  is,  its  parts  cohere  with  forces  incom- 
parably too  great  to  obey  the  laws  of  statical  pres- 
sure, or  to  assume  any  one  figure  rather  than 
another,  on  account  of  the  centrifugal  tendency 
which  results  from  its  revolution  on  its  axis. 
There  is  no  necessity  that  its  superficies  should  be 
every  where  level,  or  peqiendicukr  to  the  direc- 
tion of  gravity,  nor  that  every  two  columns,  stand- 
ing on  the  same  base,  any  where  within  it,  and 
reaching  from  thence  to  any  two  points  of  the 
surface,  should  be  of  such  weights  as  precisely  to 
balance  one  another.  Neither  of  these,  indeed,  is 
at  all  confonnable  to  fact.  They  are,  however, 
the  vei7  suppositions  on  which  the  determination 
of  the  spheroid  of  equilibrium  is  founded  ;  and  as 
they  certainly  do  in  no  degree  belong  to  the  earth, 
it  seems  strange  that  the  result  deduced  from  them 


should  be  in  any  way  applicable  to  it.  This  co- 
incidence remains,  thcrelbre,  to  be  explained ; 
and  it  must  greatly  enhance  the  merit  of  any  geo- 
logical system,  if  it  can  connect  this  great  and 
enigmatical  phenomenon  with  the  other  facts  in 
the  natural  history  of  the  earth. 

4S0t  To  establish  such  a  connection,  has,  accord- 
ingly, been  a  favourite  object  with  geologists,  whe- 
ther they  have  embntced  the  Neptunian  or  Volcanic 
theory  :  both  have  thought  that  they  were  entitled 
to  suppose  the  primeval  fluidity  of  the  globe,  the 
one  by  water,  and  the  other  by  fire  ;  and  in  what- 
soever way  that  fluidity  was  produced,  the  result  of 
it  could  be  no  other  than  the  spheroidal  figure  of 
the  whole  mass,  agreeably  to  the  laws  of  hydrostatics, 
If  in  this  fluid  state  the  earth  was  homogeneous,  the 
spheroid  would  be  accurately  elliptical,  and  the  com- 
pression at  the  poles  would  be  ^j^  of  the  radius  of 

the  equator  ;  if  the  fluid  was  denser  toward  the 
centre,  the  flattening  would  be  less :  and  in  either 
case,  the  body,  as  it  acquired  solidity,  may  be  sup- 
posed to  have  retained  its  spheroidal  figure  with 
little  variation.  But  though  the  fluidity  of  the 
earth  will  account  for  the  phenomenon  of  its  oblate 
figure,  it  may  reasonably  be  questioned,  whether 
this  fluidity  can  be  admitted,  in  consistency  with 
other  appearances*  According  to  what  is  establish- 
ed above,  none  of  the  appearances  in  the  mineral 
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kingdom  indicate  more  than  a  paitial  fluidity  in 
any  former  condition  of  the  earth.  The  present 
jBtrata,  made  up  as  they  are  of  the  ruins  of  former 
strata,  though  softened  by  heat,  have  not  been  ren* 
dered  fluid  by  it,  and  have  even  possessed  their 

'  soilness  in  parts,  and  in  succession,  not  altogether, 
nor  at  the  same  time. 

•  The  unstratified,  and  more  crystallized  sub- 
stances, were  cast  in  the  bosom  of  others,  which 
were  solid  at  the  time  when  they  were  fluid.  In 
all  this,  therefore,  there  is  no  indication  of  a  fluidity 
prevailing  through  the  whole  mass,  or  even  over  the 
whole  surface  of  the  earth,  and  therefore  nothing 
that  can  explain  the  spheroidal  figure  which  it  has 

I  acquired.  The  supposition,  then,  of  the  entire 
body  of  the  earth,  or  even  of  its  external  crust, 
having  been  fluid,  though  it  might  account  for  the 
compression  at  the  poles,  does  not  connect  that 
fact  with  the  other  facts  in  the  natural  history  of  the 
globe,  and  fails,  therefore,  in  the  point  most  essen* 
tial  to  a  theory.  It  is  liable,  also,  to  other  objec- 
tions, whether  it  be  conceived  to  have  proceeded 
from  fire  or  from  water ;  whether  it  has  happened 
on  the  principles  of  Buffon  or  of  Werner. 

431.  First,  let  us  suppose  that  the  fluidity  of  the 
earth,  or  of  the  external  crust  of  it,  at  least  to  a  cer- 
tain depth,  proceeded  from  a  solution  of  the  whole 
in  the  waters  of  the  ocean  ;  and,  waving  all  the  ob- 
jections that  have  been  stated  to  this  hypothesis,  on 
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account  of  the  absolute  insolubility  of  many  mineral 
substances  in  water,  let  us  suppose  them  all  soluUe 
in  a  certain  d^ree,  and  let  us  compute  the  quantity 
of  the  menstruum,  which,  on  the  suppositions  most 
fiiTourable  to  the  system,  must  have  been  required 
to  this  great  geologico-chemical  operation. 

The  siliceous  earth,  though  not  soluble  in  virater 
fer  sc,  yet,  after  being  dissolved  in  that  fluid  by 
of  an  alkali,  was  found  by  Dr  Black,  in  his 
of  the  Geyser  water,  to  remain  suspended 
«  a  qpantkr  of  water,  between  500  and  1000  times 
ifei  MOi  w«^u  This  is  one  of  the  facts  most  &• 
lo  die  Neptunian  theory  ;  and  that  every 
■■T  be  given  to  that  theory,  we  shall 
^dke  tke  k«sl  of  die  nombers  just  mentioned,  and 
Mppose  dnt  saEceoos  earth  may  be  dissolved  or  sus- 
pended in  500  times  its  weight  of  water. 

Taking  this  for  the  extreme  d^ree  of  insolubi- 
fitT  of  mineral  substances,  (though  there  are  many  of 
wfaidi  the  insolubility  is  absolute,  or,  to  speak  in  the 
language  of  calculation,  infinitely  great,)  we  may 
suppose  the  insolubility  of  all  the  rest,  or  the  quan- 
tities of  water  in  which  they  are  dissolved,  to  be 
ranged  in  a  descending  scale  from  500  to  0,  the  ex- 
treme degree  of  deliquescence.  Then,  taking  the 
arithmetical  mean  between  these  extremes,  it  will 
give  us  ^250,  as  the  proportion  of  v?ater  in  which  mi- 
neral substances  may  at  an  average  be  dissolved. 
But  this  average  is  much  less  than  the  truth  ;  for 
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tlie  quantity  of  siliceous  earth  is  great  in  corapari- 
^on  of  any  of  the  rest,  and  the  mineral  substances 
^hat  are  extremely  sohible  in  water  are  but  in  a 
small  quantity  ;  therefore,  when  we  suppose  mi- 
zneral  bodies,  at  a  medium,  to  be  soluble  in  250 
"times  their  own  weight  of  water,  we  make  a  suppo- 
sition extremely  favourable  to  the  Neptunian  sys- 
tem. 

432.  This  is  the  proportion  betw^een  the  weight 
of  the  solvent,  and  of  the  substances  held  in  solu- 
tion :  to  have  the  proportion  of  their  bulks,  we  may 
suppose  the  specific  gra\^ity  of  mineral  bodies  in  ge- 
neral to  be  to  that  of  water  as  5  to  2,  and  then  we 
have  the  ratio  of  bulks,  that  of  250  x  5  to  2  x  1,  or 
of  6Q5  to  1.  It  follows,  then,  that  miucrals  in  ge- 
neral cannot  be  supposed  soluble  in  less  than  625 
times  their  bulk  of  water, 

433.  Again,  it  must  be  allowed  to  the  Neptun- 
ists,  that  the  fluidity  of  the  whole  earth  is  not  ne- 
cessary to  account  for  its  assuming  the  spheroidal 
figure.  It  is  sufficient  if  the  wdiole  of  that  ci-ust 
or  shell  of  matter  was  fluid,  which  is  contained 
between  the  actual  surface  of  the  terrestrial  sphe- 
roid, and  the  surface  of  the  sphere  inscribed  with- 
in it  J  that  is,  of  the  sphere  which  has  for  its  dia- 
meter the  polar  axis  of  the  earth*  The  whole  of 
the  minerals  which  compose  this  shell,  must  at 
least  have  been  dissolved  in  water,  and  have  form- 
ed the  chaotic  mass  of  Mr  Kirwan.     The  volume 

VOL.   U  H  h 
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of  the  water  required  for  this  was  not  less  than 
625  times  the  bulk  of  the  spheroidal  sheU  that  has 
just  been  mentioned. 

But,  assuming  the  difference  between  the  polar 

axis  and  the  equatorial  diameter  to  be  ^  of  the 

latter,  which  is  the  supposition  most  agreeable  to 
the  phenomena,  it  is  easy  to  show  that  the  magni* 
tude  of  the  above  spheroidal  shell,  or  the  differ- 
CQce  between  the  solid  content  of  the  earthy  and 

the  sphere  inscribed  in  it,  is  greater  than  -^^  and 

151 

less  than  ^  of  the  whole  earth ;  so  that  the 

earth  is  less  than  151  times  the  spheroidal  shelL 

The  volume  of  the  water,  therefore,  necessary  to 
hold  in  solution  the  materials  of  this  shell,  is  to 
the  volume  of  the  whole  earth  as  6^  to  151,  or  in 
a  greater  ratio  than  that  of  four  to  one  :  and  such, 
therefore,  at  the  very  least,  is  the  quantity  of  water 
which  Mr  Kirwan  supposes,  after  it  ceased  to  act 
in  its  chemical  capacity,  to  have  retired  into  ci« 
*vems  in  the  interior  of  the  earth.  Thus  the  Nep- 
tunists,  in  their  account  of  the  spheroidal  figure  of 
the  earth,  are  reduced  to  a  cruel  dilemma,  and  are 
forced  to  choose  between  a  physical  and  a  mathe^ 
matical  impossibility. 

If  we  would  inquire  whether  the  opinion  of  the 
igneous  origin  of  minerals,  as  commonly  received 
by  the  Vulcanists,  is  capable  of  affi)rding  a  better 
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solution  of  this  difficulty,  the  theory  of  M.  de  Buf- 
fon  is  the  first  that  presents  itself- 

434.  That  philosopher  eonsiders  the  existence 
of  the  spheroidal  figure  as  a  proof  that  the  whole 
of  the  earth  must  have  been  originally  fluid  j  and 
as  the  fluidity  of  the  whole  can  only  be  ascribed  to 
fusion,  he  has  supposed  that  the  earth  was  origi- 
nally a  mass  of  melted  matter  struck  off  from  the 
sun   by  the  collision  of  a  comet ;  and  that  this 

I  mass,  when  made  to  revolve  on  its  axis»  put  on  a 
spheroidal  figure,  which  it  has  retained,  though 
now  cooled  down  to  congelation. 
This  system  need  not  be  considered  in  detail ; 
the  foundation  of  it  is  laid  in  such  defiance  of  the 
principles  of  geometry  and  mechanics,  that  the  ar- 
chitect, notwithstanding  all  the  fertility  of  his  in- 
vention,  and  ail  the  resources  of  his  genius,  was 
never  able  to  give  any  solidity  to  the  structure. 
P  ♦    But  it  will  be  said,  that  w^e  may  take  a  part  of 
the  system,  without  venturing  on  the  whole,  and 
bnay  suppose  that  the  earth,  or  at  least  the  external 
'crust  of  it,  has  been  fluid  by  fire,  though  we  do 
not  inquire  into  the  cause  of  this  fire,  or  into  the 
manner  in  which  it  was  produced. 

It  is  indeed  true,  that,  when  this  is  done,  we 
have  not  the  same  sort  of  absurdity  to  encounter 
that  we  met  with  in  the  Neptunian  system,  and 
that  the  Vulcanic  theory  does  not,  like  it,  come 
into  direct  collision  with  an  axiom  of  geometry* 
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There  are,  nevertheless,  gi'eat  objections  to  it ;  for 
though  all  the  phenomena  of  the  mineral  kingdom 
attest  a  fluidity  of  igneous  origin,  yet  it  is  a  fluid- 
ity that  was  never  more  than  partial ;  and  thougb 
it  has  been  over  all  the  earth,  has  been  over  it  in 
succession  only.  Besides,  we  are  not  entitled  to 
assume  the  existence,  and  again  the  disappearance 
of  such  a  great  quantity  of  heat,  without  assigning 
some  cause  for  the  change. 

4t35.  Since,  then,  neither  the  hypothesis  of  the 
Neptunists  or  the  Vulcanists,  affords  any  good  ex- 
planation of  the  figure  of  the  earth,  or  such  a  one 
as  can  connect  it  with  the  other  appearances  in  its 
natural  history,  it  remains  to  inquire,  whether  tbe 
system  that  supposes  a  partial  and  successive  fluid- 
ity, like  Dr  Hutton's,  has  any  resource  for  ex- 
plaining this  great  phenomenon. 

Of  this  subject  Dr  Hutton  has  not  treated ;  and 
when  I  was  first  made  acquainted  with  his  system, 
it  appeared  to  me  a  very  serious  objection  to  it, 
that  it  did  not  profess  to  give  an  explanation  of  ,so 
important  a  fact  as  the  oblate  figure  of  the  earth. 
On  considering  the  matter  more  closely,  however, 
I  found  that  there  were  principles  contained  in  it 
from  which  a  very  satisfactory  solution  (and,  I 
think,  the  only  satisfactory  solution)  of  that  diffi' 
culty  might  be  deduced.     This  solution  I  shall 
endeavour  to  explain,  in  as  far,  at  least,  as  is  neces* 
sary  for  the  purpose  of  general  illustration* 


I 


It  is  laid  down  in  Dr  Hutton*s  theory,  that  the 
surface  of  the  earth  is  perpetually  clianged  by  the 
detritus  of  the  land  ;  and  that  from  the  materials 
thus  afforded,  new  horizontal  strata  are  perpetually 
formed  at  the  bottom  of  the  sea*  If  this  be  true, 
and  if  the  alternations  of  decay  and  renovation 
have  been  often  repeated,  it  is  certain,  that  the 
figure  of  the  eaith,  whatever  it  may  have  originaUy 
been*  must  be  brought  at  length  to  coincide  with 
the  spheroid  of  equilibrium. 

436.  Here  it  is  necessary  to  remark,  that  the 
expressions,  jiVaif^  of  the  ear  lit  ^  and  surface  of  the 
earthy  are  each  of  them  occasionally  taken  in  two 
different  senses. 

The  surface  of  the  earth,  in  its  most  obvious 
sense,  is  that  which  bounds  tlie  whole  earth,  and 
includes  all  its  inequalities  ;  it  is  a  surface  extreme* 
ly  inegular,  rising  to  the  tops  of  the  mountains, 
descending  to  the  bottoms  of  the  valleys,  and  hav- 
ing the  continuity  of  its  curvature  often  interrupt- 
ed, or  suddenly  changed^  This  may  be  called  the 
actual  surface,  and  the  figure  bounded  by  it,  the 
actual  figure,  of  the  earth. 

The  surface  of  the  earth,  in  another  sense,  is 
one  that  is  every  where  horizontal,  and  is  the  same 
which  water  assumes  when  at  rest* 

This  superficies  is  determined  by  the  circum- 
stimce  of  its  being  constantly  perpendicular  to  the 
direction  of  gravity  ;  It  is  the  surface  marked  out 
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hf  I^ffdlii^,  and  may  be  supposed  to  be  continued 
firom  the  aea,  through  the  interior  of  the  land,  till 
it  meet  the  sea  again.  The  figure  bounded  bjthis 
bcMinmtal  surface,  may  properly  be  called  the  static 
Ctf/ figure  cf  the  earth. 

When  it  is  said  that  the  figure  of  the  earth  is  an 
oblate  qpheroid,  it  is  the  statical,  not  the  actual  fi- 
gure which  is  meant ;  and  the  degrees  of  the  meri- 
dian which  astronomers  measure,  are  also  referred 
to  the  superficies  of  the  former. 

497.  Suppose  now  a  body  like  the  earth,  but 
with  its  actual  figure  infinitely  moro  irregular,  bar- 
ing a  sea  circumfused  around  it,  the  water  will  de- 
scend into  the  lowest  situations,  and  will  so  a^ 
Tsoige  itself,  that  its  surface  shall  be  perpendicular 
every  whero  to  the  plumb-line,  or  to  the  direction  of 
giBTity,  in  which  state  only  it  can  remain  at  rest 
The  f^ure  of  the  superficies  which  the  sea  must 
thus  take  will  be  of  a  continuous  curvature,  and 
will  return  into  itself;  though  it  may,  if  the  ac- 
tual figure  is  very  irregular,  be  far  either  from  a 
sphere  or  a  spheroid.  If,  however,  we  suppose  the 
solid  parts  of  this  mass  subject  to  be  dissolved  or 
worn  away,  and  carried  down  to  the  ocean,  there 
will  be  a  tendency  to  give  to  the  whole  body  the 
same  figure  that  it  would  have  assumed,  if  it  had 
been  entirely  fluid,  and  subject  to  the  laws  of  hy- 
drostatics. This  tendency  is  the  result  of  two 
principles. 
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438.  Let  us  suppose  the  body  just  described  to 
have  no  rotation,  so  that  the  particles  of  it  are  ac- 
tuated only  by  the  forces  of  cohesion  and  of  attrac- 
tion. 

It  is  then  clear,  that  eveiy  particle  taken  away 
by  attrition  from  the  parts  above  the  level  of  the 
sea,  and  deposited  under  the  surface  of  it*  makes 
the  general  figure  more  compact,  bringing  the  re- 
moter parts  nearer  to  the  centre  of  gravity  of  the 
whole  ;  so  that,  in  time,  if  the  body  is  homogene- 
ous, all  the  points  of  the  surface  will  become  equal- 
ly distant  from  that  centre.  Thus  the  aciual  fi- 
gure changes  continually,  and  approaches  nearer  to 
the  staticaL 

While  this  change  is  going  forward  in  the  actual 
figure,  there  is  anotber  produced  on  the  statical, 
tbat  tends  very  much  to  accelerate  the  final  coinci* 
denceof  the  tw^o- 

The  effect  of  the  inequalities  of  the  land,  that 
rise  above  the  horizontal  surface,  is,  by  their  at- 
traction, to  render  the  parts  of  that  surface  imme- 
diately under  them,  more  convex,  cwteris  paribus^ 
than  the  rest.  Again,  where  there  are  parts  of 
extraordinary  depth  in  the  sea,  that  is,  where  the 
solid  and  denser  parts  are  far  removed  from  the 
surface  of  the  ocean,  the  curvature  of  the  superfi- 
cies of  the  sea  is  thereby  diminished,  and  that  su- 
pei-ficics  is  rendered  less  convex  than  it  would  be  if 
the  sea  were  shallower.     These  propositions  are 
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both  capable  of  strict  mathematical  demonstration. 
Hence  the  taking  away  of  any  particle  of  matter 
from  the  top  of  a  mountain  tends  to  diminish  the 
curvature  of  the  horizontal  surface  under  the  moun- 
tain, where  it  is  greatest ;  and  the  deposition  of  the 
same  particle  at  the  bottom  of  the  sea,  tends  to  in- 
crease the  curvature  of  this  superficies  where  it  is 
least.  The  general  tendency,  therefore,  being  to 
increase  the  curvature  where  it  is  least,  and  to  di- 
minish it  where  it  is  greatest,  must  be  to  bring 
about  an  uniform  curvature  throughout,  that  is,  a 
spherical  figure.  Thus,  by  the  waste  and  subse- 
quent stratification  of  the  land,  the  direction  of 
gravity  is  continually  altered  ;  it  is  more  and  more 
concentrated,  and  the  figure  brought  nearer  to 
that  which  a  fluid  would  assume. 

439,  If  now  we  suppose  the  body  to  revolve  on 
its  axis,  all  other  things  remaining  as  before,  the 
surface  bounding  the  sea  will  become  different 
from  what  it  was  in  the  former  case,  and  will  be 
more  swelled  out  toward  tlie  middle  or  equatorial 
remons*  The  land  above  the  level  of  the  sea  will 
still,  as  before,  be  worn  down  and  deposited  in  the 
bottom  of  the  sea,  so  as  to  form  strata  nearly  paral- 
lel to  its  surface  :  the  tendency,  therefore,  is  to 
render  the  real  figure  of  the  planet  nearer  to  the 
statical.  At  the  same  time  the  statical  figure  k 
changed,  as  explained  above  ;  so  that  the  two 
figui^s  nuitually  approach,  and  the  limit,  or  ulti* 
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TOate  figure  to  which  they  tend,  is  one  over  which 
the  ocean  might  be  difflised  every  where  to  the 
same  depth,  for  then  the  causes  of  change  would 
entirely  cease-  But  this  figure  is  no  other  than 
the  spheroid  of  equihbriuni,  which,  therefore,  is 
the  effect  which  the  waste  and  reconsolidation  of 
the  land  would  necessarily  produce,  if  the  process 
were  continued  indefinitelyi  without  interruption. 
In  this,  as  in  many  other  instances,  when  a  body  is  1 
subject  to  the  action  of  causes  by  which  its  form  iB\ 
gradiiaUif  changed,  the  figure  best  adapted  to  re- 
sist those  changes,  is  the  figure  which  the  changes 
themselves  ultimately  produce. 

AJso,  whatever  be  the  irregularities  of  density, 
the  tendency  to  a  change  of  figure  will  not  cease 
till  the  body  is  moulded  into  that  particular  sphe- 
roid which  admits  of  being  covered  with  water 
every  where  to  the  same  depth,  *    ThuiJ  it  appears, 


^  In  tlie  same  manner  as  a  tran»iUon  is  thus  made  from 
au  irre^fular  figure  to  a  spheroid  of  e*iuiltbriun],  so,  if  the 
actual  figure  were  at  first  more  simple  thjm  the  spheroid^  it 
would  still  be  changed  intu  tliis  last  by  degrees. 

Let  UB  conci;ive,  for  Instance^  that  die  earth  ia  at  rest^  and 
it  Ik  perfect  sphere  of  salld  matter,  surrounded  by  an  ocean 
every  where  of  equal  depth,  for  example,  of  one  mile.  Then^ 
if  a  rotatory  motion  be  communicated  to  it,  ao  that  it  shall 
revolve  on  its  axis  in  twenty-four  hours*,  in  consequence  of 
tlie  centrifugal  force^  the  water  eircmiifused  about  the  sphere 
will  immediately  rise  up  under  the  equator^  and  wvill  be- 
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or  it  may  be  let  down,  undergoing  alterations  c^j 
its  level,  from  causes  that  we  do  not  perceive,  but 
of  which  the  action  is  undoubted,  (§  388.)     But  I 
notwithstanding  these  interruptions,    the  generaiJ 
tendency  to  produce  in  the  earth  a  spheroidal  figure] 
may  remain,  and  more  may  be  done  by  every  re- 
volution, to  bring  about  the  attainment  of  that] 
figure  than  to  cause  a  deviation  from  it.     This! 
figure,  therefore,  though  never  likely  to  be  perfect*] 
ly  acquired,  will   be   the  limiting  or  asi^mptotic] 
figure,  if  it  may  be  so  called,  to  which  the  eartli 
will  continually  approach. 

411.  U  the  preceding  conclusions  are  just,  and] 
if  the  figure  of  equilibrium  is  only  an  asymptotiei 
figure,  to  which  that  of  the  earth  may  approximate, 
but  cannot  perfectly  attain,  we  are  not  to  be  sur-| 
prised  if  considerable  deviations  from  it  are  actual* 
ly  observed.     This  has  accordingly  happened,  in- 
somuch, that  the  results  deduced  from  the  most'j 
accurate  measurement  of  degrees  of  the  meridiau,  I 
differ  from  one  another,  in  the  oblateness  they  give] 
to  the  earth,  by  nearly  one  half  of  the  quantity  to 
be  determined*     Wlien  we  compare  the  degrees  I 
measured  in  France,  and  in  some  other  countrieij 
of  Europe,  with  those  measured  in  Peru,  we  ob- 
tain for  the   compression  at  the  poles,  less  than 

Jl 
iiOO 

pare  the  degrees  measured 


of  the  radius  of  the  earth. 


But  when  we  com- 
in  Frmnce  with  one 
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another,  and  with  those  lately  measured  in  Eng- 
land, we  find  that  they  are  best  represented  by  a 

pheroid  that  has  its  compression  — r-    of  its  semi- 

axis*  ^      There  is  reason  to  think,  therefore,  that 
the  meridians  are  not  elliptical ;  and  other  ohser- 
Tations  seem  to  show,  that  they  are  not  even  simi- 
lar to  one  another  j  or  that  the  earth  is  not,  strict- 
ly speaking,  a  solid  of  revolution ;  so,  also,  the 
comparison  of  the  degree  measured  at  the  Cape  of 
Good  Hope,  with  those  measured  on  the  opposite 
side  of  the  equator,  creates  a  suspicion,  that  the 
northern  and  southern  hemispheres  are  not  per. 
fectly  alike,  and  that  the  earth  is  not  equally  com- 
pressed at  the  Arctic  and  the    Antarctic   poles. 
These  irregularities,  though  they  do  not  affect  the 
general  fact  of  the  earth's  compression  at  the  poles, 
show  that  the  true  statical  figure  is  but  imperfectly  at- 
tained  ;  and  though   this  may  be  accounted  for, 
without  having  recourse  to  the  principles  involved 
in  our  theory,  it  is  in  a  manner  very  unsatisfactory, 
and,  by  help  of  suppositions,  not  at  all  consii^tent 
vfith  the  original  fluidity  ascribed   to  the  whole 
mass,  or  to  the  exterior  crust  of  the  eaith- 

44'2.  As  the  principles  here  laid  down  explain 
how  a  solid  body  may  attain  very  nearly  the  figure 

•  Expoiiitioii  tlu  Systcme  du  Monde,  par  Laplace,  p.  6l, 

^d  edit 
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which  a  fluid  would  acquire  in  order  to  preserte 
its  pots  in  equilibrio  ;  and  since  the  oblate  figure 
belongs  to  other  of  the  planets  as  well  as  the  earth, 
and  the  globular  to  all  the  great  bodies  of  the  uni- 
Terse,  this  suggests  an  anal(^  that  goes  deep  into 
the  economy  of  nature,  and  extends  far  beyond  the 
limits  within  which  the  mineralogist  is  wont  to 
confine  his  speculations. 

443.  That  no  very  irregular  figure  is  found 
among  the  planetary  bodies,  may  therefore  be  con- 
sidered as  a  proof  of  the  universality  of  that  system 
of  waste  and  reconsolidation  that  we  have  been  en- 
deavouring to  trace  in  the  natural  history  of  the 
earth.  A  farther  proof  of  the  same  arises  from 
considering,  that  for  every  given  mass  of  matter, 
having  a  given  period  of  rotation,  there  are  two 
different  spheroids  that  answer  the  conditions  of 
establishing  an  equilibrium  among  its  parts,  the 
one  near  to  the  sphere,  and  the  other  very  distant 
from  it,  and  so  oblate,  as  to  have  a  lenticular  form. 
Thus  the  earth,  supposing  it  homogeneous,  might 
either  be  in  equilibrio,  by  means  of  the  figure 
which  it  actually  has,  or  of  one  in  which  the  polar 
was  to  the  equatorial  diameter  as  1  to  768.  The 
same  is  true  of  the  other  planets  ;  and  yet  we  no 
where  find  that  this  highly  compressed  spheroid  is 
actually  employed  by  nature.  The  reason,  no 
doubt,  is,  that  in  so  oblate  a  spheroid,  the  equili- 
brium between  the  gravitating  and  the  centrifugal 
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force  is  of  the  kind  that  does  not  re-establish  itself 
when  disturbed  j  so  that  the  parts  let  loose,  and 
not  kept  in  their  place  by  firm  cohesion,  would  fly 
off  altogether.  In  snch  a  body,  the  waste  at  the 
surface  would  lead  to  an  entire  change  of  fomi,  and 
therefore  the  constitution  here  sup|X)sed  could  not 
be  permanent. 

444f*  In  the  system  of  Saturn,  we  have  a  great 
deviation  from  the  general  order,  which,  neverthe- 
less, has  led  to  a  very  unexpected  verification  of 
some  of  the  conclusions  deduced  above.  A  prin* 
ciple  extremely  like  that  which  is  the  basis  of  all 
the  foregoing  reasonings,  led  one  of  the  greatest 
philosophers  of  the  present  age  to  discover  the  re- 
volution of  Saturn's  ring  on  its  axis,  and  even  to 
determine  the  velocity  of  that  revolution,  such  as  it 
has  been  since  found  by  observation.  Laplace, 
laying  it  down  as  a  maxim,  that  nothing  in  nature 
can  exist,  where  there  are  causes  of  change,  not 
balanced  or  compensated  by  other  causes,  ♦  con- 
cluded, that  the  parts  of  the  ring  must  be  held  from 
falling  down  to  the  body  of  the  planet  by  some 
other  force  than  their  mere  cohesion  to  one  another. 
Were  it  otherwise,  every  particle  detached  from  the 
ring,  by  any  means,  must  descend  in  a  straight 
line,  almost  [ieipendicular  to  the  surface  of  Saturn  j 
and  the  final  destruction  of  the  ring  must  be  in- 

•  Laplace,  uifi  stipra,  p,  i242t 
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evitable.  The  only  force  that  eonM  balance  this 
effect  of  gravitation,  seemed  to  be  a  centrifugal 
force,  arising  from  the  rotation  of  the  ring  on  an 
axis  passing  through  its  centre,  and  perpendicular 
to  its  plane.  Laplace  proceeded  to  inquire  what 
celerity  of  rotation  was  adequate  to  this  effect,  and 
found  tliat  one  of  ten  hours  and  a  quarter  would  be 
required,  which  is  almost  precisely  the  time  after- 
wards determined  by  Dr  Herschei  from  actual  ob- 
servation- If,  with  this  rotation,  the  ring  is  a 
solid  aniiulus  generated  by  the  rotation  of  a  very 
flat  ellipsis  about  a  given  point  in  its  greater  axis, 
coinciding  with  the  centre  of  Saturn,  it  may  be  so 
constituted,  that  the  attraction  of  Saturn,  com  bin* 
cd  with  the  centrifugal  force,  may  produce  a  force 
perpendicular  to  its  surface,  and  may  enable  de- 
tached parts  to  remain  at  rest,  animals,  for  instance, 
to  walk  on  its  surface,  and  fluids  to  be  in  equUibrio* 
The  system  of  Saturn  is  thus  fortified  against  the 
lapse  of  time,  as  effectually  as  that  of  the  earth  it- 
self; and  the  means  by  which  this  is  accomplished, 
seem  to  prove,  that  the  weapons  which  time  em- 
ploys, are  in  both  cases  the  same,  viz.  the  slow 
wearing  and  decomposition  of  the  solid  parts.  This 
slow  wearing  may  have  produced  the  figure  by 
which  its  action  is  most  effectually  resisted. 

445,  Thus  Dr  Mutton's  theory  of  the  eaiih 
comes  at  last  to  connect  itself  with  the  researches 
of  physical   astronomy.      The   conclusion   to  be 
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Irawn  from  this  coincidence  is  to  the  credit  of  both 
ciences.  When  two  travellers,  who  set  out  from 
joints  so  distant  as  the  mineralogist  and  the  astro- 
lamer,  and  who  follow  routes  so  different^  meet  at 
he  end  of  their  joorney,  and  agree  in  their  report 
)f  the  countries  through  wliich  they  have  passed^  it 
iffords  no  slight  presumption^  that  they  have  kept 
the  right  way,  and  that  they  relate  what  they  have 
ictually  seen. 


Note  xxvi.  5  133. 
Prejudices  relating  to  the  Theory  of  the  Earth. 

446.  Among  the  prejudices  which  anew  theory 
of  the  earth  has  to  overcome,  is  an  opinion,  held, 
fi  affected  to  be  held,  by  many,  that  geological 
icience  is  not  yet  ripe  for  such  elevated  and  difficult 
Ipeculations.  They  would,  therefore,  get  rid  of 
Biese  speculations,  by  moving  the  previous  question^ 
ind  declaring  that  at  present  we  ought  to  have  no 
;heory  at  all.  We  are  not  yet,  they  allege,  suffi- 
:iently  acquainted  with  the  phenomena  of  geology ; 
he  subject  is  so  various  and  extensive,  that  our 
knowledge  of  it  must  for  a  long  time,  perhaps  for 
Bver,  remain  extremely  imperfect.  And  hence  it 
IS,  that  the  theories  hitherto  proposed  have  succeed- 
ed one  another  with  so  great  rapidity,  hardly  any 

VOL.  1.  1  i 
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of  them  having  been  able  to  last  longer  than  the 
discovery  of  a  new  fact,  or  a  fact  unknown  when  it 
was  invented.     It  has  proved  insufficient  to  con* 
nect  this  fact  with  the  phenomena  already  known, 
and  has  therefore  been  justly  abandoned.     lu  this 
manner,  they  say,  have  passed  away  the  theories  or* 
Woodward,  Burnet,  Whiston,  and  even  of  BufFon 
and  so  will  pass,  in  their  turn,  those  of  Hutton  an^l 
Werner. 

447.  This  unfavourable  view  of  geology,  ougl^v 
not,  however,  to  be  received  without  examiuatioii  ^ 
in  science,  presumption  is  less  hurtful  than  despair, 
and  inactivity  is  more  dangerous  than  error. 

One  reason  of  the  rapid  succession  of  geological 
theories,  is  the  mistake  that  has  been  made  as  to 
their  object,  and  the  folly  of  attempting  to  explain 
by  them  the  first  origin  of  things.  This  mistake 
has  led  to  fanciful  speculations  that  had  nothing 
but  their  novelty  to  recommend  them,  and  which, 
when  that  charm  had  ceased,  were  rejected  as  mere 
suppositious,  incapable  of  proof.  But  if  it  is  once 
settled,  that  a  theory  of  the  earth  ought  to  have  no 
other  aim  but  to  discover  the  laws  that  regulate  the 
changes  on  the  surface,  or  in  the  interior  of  the 
globe,  the  subject  is  brought  within  the  sphere 
either  of  observation  or  analogy  ;  and  there  is  no 
reason  to  suppose,  that  man,  who  has  numbered 
the  stars,  and  measured  their  forces,  shall  ultimak' 
ly  prove  unequal  to  this  investigation* 
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448.  Again,  theories  that  have  a  rational  ob- 
ject, though  they  be  false  or  imperfect  in  their 
principles,  are  for  the  most  part  approximations 
to  the  truth,  suited  to  the  information  at  the  time 
when  they  were  proposed.  They  are  steps,  there- 
fore, in  the  advancement  of  knowledge,  and  are 
terms  of  a  series  that  must  end  when  the  real  laws 
of  nature  are  discovered.  It  is,  on  this  account, 
rash  to  conclude,  that  in  the  revolutions  of 
science,  what  has  happened  must  continue  to 
happen,  and  because  systems  have  changed  rapidly 
in  time  past,  that  they  must  necessarily  do  so  in 
time  to  come. 

He  who  would  have  reasoned  so,  and  who  had 

I  seen  the  ancient  physical  systems,  at  first  all  rivals 
to  one  another,  and  then  swallowed  up  by  the 

,     Aristotelian ;  the  Aristotelian  physics  giving  way 

f  to  those  of  Descartes  ;  and  the  physics  of  Descartes 
to  those  of  Newton  ;  would  have  predicted  that 
these  last  were  also,  in  their  turn,  to  give  place  to 
the  philosophy  of  some  later  period*  This  is, 
however,  a  conclusion  that  hardly  any  one  will 
now  be  bold  enough  to  maintain,  after  a  hundred 

I  years  of  the  most  scrupulous  examination  have 
done  nothing  but  add  to  the  evidence  of  the  New- 
tonian   System,      It   seems   certaiu,    therefore, 

■     that  the  rise  and  fall  of  theories  in  times  past,  does 

I     not  argue,  that  the  same  will  happen  iu  the  time 

I     that  is  to  come. 

1. 
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449.  The  multifarious  and  extremely  diversified 
object  of  geological  researches,  does,  no  doubt, 
render  the  first  steps  difficult,  and  may  very  well 
account  for  the  instability  hitherto  observed  in 
such  theories ;  but  the  very  same  thing  gives  rea- 
son for  expecting  a  very  high  degree  of  certainty 
to  be  ultimately  attained  in  these  inquiries* 

Where  the  phenomena  are  few  and  simple,  thei'e 
may  be  seveml  ditFerent  theories  that  will  explain 
them   in  a  manner  equally    satisfactory  ;   and  in 
such  cases,  the  true  and  the  false  hypotheses  are 
not  easily  distinguished  from  one  another,    WTiea, 
on  the  other  hand,  the  phenomeuii  are  greatly 
varied,  the  probability  i^  that  among  them,  some 
of  those  insianiifv  cruets  will  be  found,  that  ex* 
elude  every  hypothesis  but  one,  and  reduce  the 
explanation  given  to  the  highest  degree  of  certain- 
ty*    It  was  thus,  when  the  phenomena  of  the 
heavens  were  but  imperfectly  known,  and  were 
confined  to  a  few  general  and  simple  facts,  Uiat 
the   Philolaic  could   chiim  no  preference   to  the 
Ptolemaic  system  :  The  former  seemed  a  possible 
hypothesis ;  but  as  it  performed  nothing  that  the 
other  did  not  perform,  and  was  ioconsistent  with 
some  of  our  most  natural  prejudices,  it  had  but  fe% 
adherents.     The  invention  of  the  telescope,  aud 
the  use  of  more  accurate  instruments,  by  multiply^ 
ing  and  diversifying  the  facts,  established  its  ere 
dit  J  and  when  not  only  the  general  laws,  but  j 
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he  inequalities,  and  disturbances  of  the  planetary 
mations  were  understood,  all  physical  liypotlieses 
vanished,  like  phantoms,  before  the  phUosophy  of 
Newton.  Hence  the  number,  the  variety,  and 
even  the  coraplication  of  facts,  contribute  ultimate- 
ly to  separate  truth  from  falsehood  ;  and  the  same 
causes  which,  in  any  case,  render  the  first  at- 
tempts toward  a  theory  difficult,  make  the  final 
success  of  such  attempts  just  so  much  the  more 
probable. 

This  maxim,  however,  though  a  general  en- 
couragement to  the  prosecution  of  geological  in- 
quiries, does  not  amount  to  a  proof  that  we  are 
yet  arrived  at  the  period  when  those  inquiries  may 
safely  assume  the  form  of  a  theory.  But  that  we 
are  arrived  at  such  a  period,  appears  clear  from 
other  circumstances, 

450.  It  cannot  be  denied,  that  a  great  multi- 
ni^  of  facts,  respecting  the  mineral  kingdom,  are 
now  known  witli  considerable  precision  ;  and  that 
the  many  diligent  and  skilful  observers,  who  have 
arisen  in  the  course  of  the  last  thirty  years,  have 
produced  a  great  change  in  the  state  of  geological 
knowledge.  It  is  unnecessary  to  enumerate  them 
all ;  Ferber,  Bergman,  Deluc,  Saussure,  Dolomieu, 
are  those  on  whom  Dr  Ilutton  chiefly  relied  ;  and 
it  is  on  their  observations  and  his  own  that  his 
system  is  founded.  If  it  be  said,  that  only  a 
small  part  of  the  earth *8  surface  has  yet  been  sur- 
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veyed,  and  described  with  such  accuracy  m  is 
found  iu  the  writers  just  named,  it  may  be  an* 
swered,  that  the  earth  is  constructed  with  such  a 
degree  of  uniformity,  that  a  tract  of  no  very  large 
extent  may  afford  instances  of  all  the  leading  facts 
that  we  can  ever  observe  in  the  mineral  kingdom. 
The  variety  of  geological  appearances  which  a 
traveller  meets  with,  is  not  at  all  in  proportion  to 
the  extent  of  country  he  traverses  ;  and  if  he  take 
in  a  portion  of  land  sufficient  to  include  primi- 
tive and  secondary  strata,  together  with  moun- 
tains, rivers,  and  plains,  and  unstratified  bodies  in 
veins  and  in  masses,  though  it  be  not  a  very  lai^ 
part  of  the  earth's  surface,  he  may  find  examples 
of  all  the  most  important  facts  in  the  history  of 
fossils.  Though  the  labours  of  mineralogists  have 
embraced  but  a  small  part  of  the  globe,  they  may 
therefore  have  comprehended  a  very  large  propor- 
tion of  the  phenomena  which  it  exhibits  ;  and 
hence  a  presumption  arises,  that  the  outlines,  at 
least,  of  geology  have  now  been  traced  with  to- 
lerable truth,  and  are  not  susceptible  of  great  va- 
riation, 

4f5l,  When  the  phenomena  of  any  class  are  in 
general  ambiguous,  and  admit  of  being  explained 
by  different  or  even  opposite  theories  ;  if  few  of 
those  exclusive  facts  are  known,  which  admit  but 
of  one  or  a  few  solutions,  then  we  have  no  right  to 
expect  much  from  our  endeavours  to  generalize, 
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except  the  knowledge  of  the  points  where  our  in- 
formation is  most  deticienti  and  to  which  our  ob- 
servations ought  chiefly  to  be  directed-     But  that 
many  of  the  exclusive  and  unambiguous  instances 
are  known,  in  the  natural  history  of  the  globe,  I 
think  i$  e\ident  from  the  reasoning  in   the  fore- 
going pages,  where  so  many  examples  have  occur- 
red of  appearances  that  give  the  most  direct  nega- 
tive to  the  Neptunian  system,  and  exclude  it  from 
the  number  of  possible  hypotheses,  by  which  the 
phenomena  of  geology  can  be   explained.      The 
abundance  of  such  instances  is  an  infallible  sign, 
that  the  mass  of  knowledge  is  in  that  state  of  fer- 
mentation, from  which  the  true  theory  may  be  ex* 
pected  to  emerge* 

452.  Another  indication  of  the  same  kind,  is  the 
near  approach  tliat  even  the  most  opposite  theories 
make,  in  some  respects,  to  one  another.  There  are 
so  many  points  of  contact  between  them,  that  they 
appear  to  approximate  to  an  ultimate  state,  in  which, 
however  unwillingly,  they  must  at  last  coincide. 
That  ultimate  form,  too,  which  all  these  theories 
have  a  tendency  to  put  on,  if  I  am  not  deceived, 
is  no  other  than  that  of  the  Huttonian  theory. 

453.  The  first  example  1  shall  take  from  the 
system  of  iSaussure.  It  is  to  be  regretted,  that  this 
excellent  geologist  has  no  where  given  us  a  com- 
plete account  of  his  theory.  Some  of  the  leading 
principles  of  it  are,  however,  unfolded  in  the  course 
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of  his  observations,  and  enable  us  to  forni  a  notion 
of  its  general  outline.  It  was  evidently  far  remov- 
ed from  the  system  of  subterraneous  heat,  and 
seems,  especially  in  the  latter  pait  of  the  author's 
life,  to  have  been  very  much  accommodated  to  the 
prevailing  system  of  Werner.  Nevertheless,  with 
so  little  affinity  between  their  general  views,  Saus- 
sure  and  Hutton  agree  in  that  most  important  ar- 
ticle which  regards  the  elevation  of  the  strata. 
Saussure  plainly  perceived  the  impossibility  of  the 
strata  being  formed  in  the  vertical  situations  which 
so  many  of  them  now  occupy  j  and  he  takes  great 
pains  to  demonstrate  this  impossibility,  from  some 
facts  that  have  been  referred  t^  above.  He  also 
believed  that  this  elevation  had  been  gi%^en  to  strata 
that  were  originally  level,  by  a  force  directed  up- 
wards, or  by  the  refoukinent  of  the  beds,  not  by 
their  falling  in,  as  is  the  opinion  of  Deluc  and  some 
other  of  the  Neptunists. 

Now,  whoever  admits  this  principle,  and  reasons 
on  it  consistently,  without  being  afraid  to  follow  it 
through  all  its  consequences,  must  unavoidably  come 
very  close  to  the  Huttonian  theory*  He  must  see, 
that  a  power  which,  acting  from  below,  produced 
this  great  effect,  can  never  have  belonged  to  water, 
unless  rarefied  into  steam  by  the  application  of  heat. 
But  if  it  be  once  admitted  that  heat  resides  in  the 
mineral  regions,  the  great  objection  to  Dr  Hutton^s 
system  is  removed  ;  and  the  theorist,  who  was  fur* 


Bished  with  so  active  and  so  powerful  an  agent, 
would  be  very  unskilful  in  the  management  of  his 
own  resources,  if  he  did  not  employ  it  in  the  work 
of  consolidating  as  well  as  in  that  of  raising  np  the 
strata.  A  little  attention  will  show,  that  it  is  qua- 
lified for  both  purposes ;  though  insuperable  ob- 
jections must,  no  doubt,  offer  themselves,  where  the 
effects  of  compression  are  not  understood.  We 
may  safely  conclude,  then,  that  the  accurate  and 
ingenious  Oreologist  of  Geneva  ought  to  have  been 
a  Fluionisif  in  order  to  give  consistency  to  the 
principles  which  he  had  adopted,  and  to  make  them 
coalesce  as  parts  of  one  and  the  same  system.  If 
he  embraced  an  opposite  opinion,  it  probably  was 
from  feeling  the  force  of  those  objections  that  arise 
from  our  discovering  nothing  in  tlie  bowels  of  the 
earth  like  the  remains  left  by  combustion,  or  in- 
flammation, at  its  surface.  The  secret  by  which 
these  seeming  contradictions  are  to  be  reconciled, 
was  unknown  to  this  mineralogist,  and  he  has  ac- 
cordingly decided  strongly  against  the  action  of 
fire,  even  in  the  case  of  those  unstratified  substan- 
ces that  have  the  greatest  affinity  to  volcanic  lava. 

454,  The  theoretical  conclusions  of  another  ac- 
curate and  skilful  observerj  Dolomteu,  furnish  a 
still  more  remarkable  example  of  a  tendency  to 
union  between  systems  professedly  hostile  to  one 
another. 

This  ingenious  mineralogist,  observing  the  in- 
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teqpositioti  of  the  basalt  between  stratified  rocks,  so 
that  it  had  not  only  regular  beds  of  sandstone  for 
its  base,  but  was  also  covered  with  beds  o[  the  same 
kind,  saw  plainly  that  these  appearances  were  in- 
consistent with  the  supposition  of  common  volcanic 
explosions  at  the  surface.   .  He  therefore  conceived, 
that  the  volcanic  eruption  had  happened  at  the  bot- 
tom of  the  sea,  (the  level  of  which,  in  former  ages, 
had  been  much  higher  than  at  present,)  and  that 
the  materials  afterwards  deposited  on  the  lava,  had 
been  in  length  of  time  consolidated  into  beds  of 
stone.    It  is  evident,  that  this  notion  of  submarine 
volcanoes,  comes  very  near,  in  many  respects,  to  Dr 
Hutton's  explanation  of  the  same  appearances.    If 
the  only  thing  to  be  accounted  for  were  the  pheno- 
menon in  question,  it  cannot  be  denied  that  Dolo- 
mieu's  hypothesis  would  be  perfectly  sufficient ; 
but  Dr  Hutton,  to  whom  this  phenomenon  was 
familiar,  and  who,  like  Dolomieu,  conceived  the 
basalt  to  have  been  in  fusion,  was  convinced  that 
the  retreat  of  the  sea  was  not  a  fact  well  attested  by 
geological  appearances,  and  if  admitted,  was  inade- 
quste  to  account  for  the  facts  usually  explained  by 
it.     He  conceived,  therefore,  that  such  lava  as  the 
preceding  had  flowed  not  only  at  the  bottom  of  the 
sea,  but  in  the  bowels  of  the  earth,  and  having 
been  fprced  up  through  the  fissures  of  rocks  al- 
ready formed,  had  heaved  up  some  of  these  rocks, 
and  interposed  itself  between  them.     This  agrees 
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with  the  other  facts  in  the  natural  histoiy  both  of 
the  basaltes  and  the  strata. 

It  is  plain,  that,  in  this,  there  is  a  great  ap- 
proach of  the  two  theories  to  one  another  :  both 
maintain  the  igneous  origin  of  basaltes,  and  its 
affinity  to  lava  ;  both  acknowledge  that  thia  lava 
cannot  have  flowed  at  the  surface,  and  that  the 
strata  which  cover  it  have  been  formed  at  the  bot- 
tom of  the  sea.  They  only  differ  as  to  the  mode 
in  which  the  submarine  or  subterraneous  volcano 
produced  its  eflectj  and  that  difference  arises 
merely  from  the  one  geologist  having  generalized 
moi-e  than  the  otlier.  Dolomieu  sought  to  con- 
nect the  basalt  with  the  lavas  that  proceed  from 
volcanic  explosions  at  the  surface  j  Dr  Hutton 
sought  not  only  to  connect  these  two  appearances 
with  one  another,  but  also  with  the  otlier  pheno- 
mena of  mineralogy,  particularly  with  the  veins  of 
basaltes,  and  the  elevation  of  the  strata. 

455,  In  another  point,  the  coincidence  of  Do- 
lomieu's  opinions  and  Dr  Hutton's  is  still  more 
striking.  The  former  has  remarked,  that  many 
of  the  extinguished  volcanoes  are  in  granite  coun- 
tries, and  that,  nevertheless,  the  lavas  that  they 
have  erupted  contain  no  granitic  stones.  There 
must  be,  therefore,  says  he,  something  under  the 
granite,  and  this  last  is  not,  at  least  in  all  cases,  to 
be  considered  as  the  basis  of  the  mineral  kingdom, 
or  as  the  body  on  which  all  others  rest.     In  this 
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system,  therefore,  gi'anite  is  not  always  a  primor%.  , 
dial  rock,  any  more  than  in  Dr  Hutton's.  ^^ 

But  Doloniiea  makes  a  still  nearer  advance  to 
the  Hirttonian  theory ;  for  he  supposes,  that  un- 
der the  solid  and  hard  crust  of  the  globe,  there  is 
8  sphere  of  melted  stone,  fVora  which  this  basaltic 
lava  was  thrown  up.  The  system  of  subterrane- 
ous heat  is  here  adopted  in  its  utmost  extent,  and 
in  that  form  which  is  considered  as  the  most  liable 
to  objection,  viz,  the  existence  of  it  at  the  present 
moment,  in  such  a  degree  as  to  melt  rocks,  and 
keep  them  in  a  state  of  fusion.  In  this  conclu- 
sion, the  two  theories  agree  perfectly ;  and  if  they 
do  so,  it  is  only  because  the  nature  of  things  ha 
forced  them  into  union,  notwithstanding  the  dissi-" 
militude  of  their  fundamental  principles.  ^— 

This  ought  to  be  considered  as  a  strong  proo^H 
that  the  phenomena  known  to  mineralogists  are 
sufficient  to  justify  the  attempts  to  form  a  theory  of 
the  earth,  and  are  such  as  lead  to  the  same  conclu^ 
sions,  where  there  was  not  only  no  previous  con- 
cert, but  even  a  very  marked  opposition.  I  have , 
already  observed,  that  there  is  a  greater  tendencj 
to  agree  among  geological  theories,  than  among  the 
authors  of  those  theories. 

456.  Another  circumstance  worthy  of  consider-^ 
atiou  is,  that  in  the  searcli  which  the  Neptunistsl 
have  made,  for  facts  most  favourable  to  the  aqiie* 
ous  formation  of  minerals,  we  find  hardly  any  of 


ilUTTONIAN  THEORY. 


509 


H  kind  that  was  unknown  to  the  author  of  the  sys- 
tem here  explained*  The  appearances  on  which 
Werner  grounds  his  opinion  with  respect  to  ha- 
saltes,  and  by  which  he  would  exclude  the  action 
of  fire  fi  om  any  share  in  the  formation  of  it,  are  all 
comprehended  in  the  alteniatioo  of  that  rock  with 
beds,  or  strata  obviously  of  aqueous  origin.  Now 
these  appearances  were  well  known  to  Dr  Hut  ton, 
and  are  easily  explained  by  his  theory,  provided 
the  effects  of  compression  are  admitted.  From 
this,  and  the  other  circumstances  just  obsened,  I 
am  disposed  to  think,  that  the  great  facts  on  which 
every  geological  system  must  depend,  are  now 
known,  and  that  it  is  not  too  bold  an  anticipation 
to  say,  that  a  theory  of  the  earth,  whicli  explains 
all  the  phenomena  with  which  we  are  at  present 
acquainted,  will  be  found  to  explain  all  those  llrnt 
remain  to  be  discovered, 

457-  The  time  indeed  was,  and  we  are  not  yet 
far  removed  from  it,  when  one  of  the  most  import- 
ant principles  involved  in  Dr  Mutton's  theory  was 
not  only  unknown,  but  could  not  be  discovered* 
This  was  before  the  causticity  produced  in  lime- 
stone by  exposure  to  fire  was  understood,  and  when 
it  was  not  known  that  it  arose  from  the  expulsion 
of  a  certain  aerial  fluid,  whicli  before  was  a  compo- 
nent part  of  the  stone.  It  could  not  then  be  per- 
ceived, that  this  aerial  pait  might  be  retained  by 
prepare,  even  in  spite  of  the  action  of  fire,  and 
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that  in  a  region  j^here  great  compression  existed, 
the  absence  of  causticity  was  ho  proof  that  greait 
heat  had  not  been  applied.    The  discoveries  of  Dsr 
Black,  therefore,  maiic  an  era,  before  which  men. 
were  not  qualified  to  judge  of  the  nature  of  th^ 
powers  that  had  acted  in  the  consolidation  of  mi — 
nend  substances.    Those  discoveries  were,  indeed^ 
destined  to  produce  a  memorable  change  in  che- 
mistry, and  in  all  the  branches  of  knowledge  allied, 
to  it ;  and  have  been  the  foundation  of  that  bril- 
liant progress,  by  which  a  collection  of  practical 
rules,  and  of  insulated  facts^  has  in  a  few  years 
risen  to  the  rank  of  a  very  perfect  science.     But 
even  before  they  had  explained  the  nature  of  car- 
bonic gas,  and  its  affinity  to  calcareous  earth,  I  am 
not  sure  but  that  Dr  Hutton's  theory  was,  at 
least,  partly  formed,  though  it  must  certainly  have 
remained,  even  in  his  own  opinion,  exposed  to 
great  difficulties.     His  active  and  penetrating  ge- 
nius soon  perceived,  in  the  experiments  of  his 
friend,  the  solution  of  those  difficulties,  and  form- 
ed that  happy  combination  of  principles,    which 
has  enabled  him  to  explain  the  most  enigmatical 
appearances  in  the  natural  history  of  the  earth. 

As  we  are  not  yet  far  removed  from  the  time 
when  our  chemical  knowledge  was  too  imperfect 
to  admit  of  a  satisfactory  explanation  of  the  phepo- 
mena  of  mineralogy,  so  it  is  not  unlikely  that  we  are 
approaching  to  other  discoveries  that  are  to  throw 
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&w  light  on  this  science.  It  would,  however,  be 
to  argue  strangely  to  say,  that  we  must  wait  till 
those  discoveries  are  made  before  we  begin  any  theo- 
retical reasonings.  If  this  rule  were  followed,  we 
should  not  know  where  the  imperfections  of  our 
^ienee  lay,  nor  when  the  remedies  were  found  out, 
should  we  be  in  a  condition  to  avail  ourselves  of' 
them.  Such  conduct  would  not  be  caution,  but  ti- 
midity, and  an  excess  of  prudence  fatal  to  all  philo- 
sophical inquiry. 

458.  The  truth,  indeed,  is,  that  in  physical  in- 
quiries, the  work  of  theory  and  observation  must  go 
hand  in  hand,  and  ought  to  be  carried  on  at  the  same 
time,  more  especially  if  the  matter  is  very  complicat- 
ed, for  there  the  clue  of  theory  is  necessary  to  direct 
the  observer*    Though  a  man  may  begin  to  ubsei've 
without  any  hypothesis,  he  cannot  continue  long 
without  seeing  some  general  conchision  arise  ;  and 
to  this  nascent  theory  it  is  his  business  to  attend, 
because,  by  seeking  either  to  verify  or  to  disprove  it, 
he  is  led  to  new  experiments,  or  new  observations. 
He  is  led  also  to  the  very  experiments  and  observa- 
tions that  are  of  the  greatest  importance,  namely, 
to  those  insiantiw  crucis^  which  are  the  crUeria  that 
naturally  present  themselves  for  the  trial  of  every 
hypothesis.     He  is  conducted  to  the  places  where 
the  transitions  of  nature  aie  most  perceptible,  and 
where  the  absence  of  ibrmer,  or  the  presence  of 

new  circumstances,  excludes  the  action  of  imagin* 


ary  causes^  By  this  correction  of  his  first  opinion, 
a  new  approximation  is  made  to  the  truth  ;  and  by 
the  repetition  of  the  same  process,  certainty  is  finally 
obtained.  Thus  theory  and  observation  mutually 
assist  one  another  ;  and  the  spirit  of  system,  against 
which  there  are  so  many  and  sucli  just  complaints, 
appears,  nevertheless,  as  the  animating  principle  of 
inductive  investigation*  The  business  of  sound 
philosophy  is  not  to  extinguish  this  spirit,  but  to  re- 
strain and  direct  its  efforts, 

459.  It  is  therefore  hurtful  to  the  progress  of 
physical  science  to  represent  observation  and  theory 
as  standing  opposed  to  one  another,  Bergman  has 
said^  *^  Obsei*vationes  veras  quam  ingeniosissimas 
fictiones  sequi  praestat ;  naturae  mysteria  potius  in- 
dagare  quam  divinare/* 

If  it  is  meant  by  this  merely  to  say,  that  it  is  bet- 
ter to  have  facts  without  theory,  than  theory  with- 
out  facts,  and  that  it  is  wiser  to  inquire  into  the  se- 
crets of  nature,  than  to  guess  at  them,  the  truth  of 
the  maxim  will  hardly  be  controverted.  But  if  we 
are  to  understand  by  it,  as  some  may  perhaps  have 
done,  that  all  theory  is  mere  fiction,  and  that  the 
only  alternative  a  philosopher  has,  is  to  devote  him- 
self to  the  study  of  facts  unconnected  by  theory,  or 
of  theory  unsupported  by  facts,  the  maxim  is  as  far 
from  the  truth,  as  I  am  convinced  it  is  from  the  real 
sense  of  Bergman.  Such  an  opposition  between 
the  business  of  the  theorist  and  the  observer,  can 
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only  occur  when  the  speculations  of  the  former  are 
vague  and  indistiiict,  and  cannot  be  so  embodied  as 
to  become  visible  to  the  latter.  But  the  philosopher 
who  has  ascended  to  his  theory  by  a  regular  gene- 
ralization of  facts,  and  who  descends  from  it  again 
by  drawing  such  palpable  conclusions  as  may  be 
compared  with  experience,  furnishes  the  infallible 
me<ins  of  distinguishing  between  perfect  science  and 
ingeinotisjiciion.  Of  a  geological  theory  that  has 
stood  this  double  test  of  the  analytic  and  synthetic 
methods,  Dr  Hutton  has  fimaisbed  us  vyith  an  ex- 
cellent instance,  in  his  explanation  of  granite.  The 
appearances  which  he  observed  in  that  stone  led  him 
to  conclude,  that  it  had  been  melted,  and  injected 
while  fluid,  among  the  stratified  rocks  already  form- 
ed, lie  then  considered,  that  if  this  is  true,  veins 
of  granite  must  often  run  from  the  larger  masses  €>f 
that  stone,  and  penetrate  the  strata  in  various  di- 
rections ;  and  this  must  be  visible  at  those  places 
where  these  different  kinds  of  rock  come  into  con- 
tact with  one  another.  This  led  him  to  search  in 
Arran  and  Glentilt  for  the  phenomena  in  question  i 
the  result,  as  we  have  seen,  afforded  to  his  theory 
the  fullest  confirmation,  and  to  himself  the  high 
satisfaction  which  must  ever  accompany  the  success 
of  candid  and  judicious  inquiry. 

4G0.  It  cannot,  however,  be  denied,  that  the  im- 
partiality  of  an  observer  may  often  be  affected  by 
system  ;  but  this  is  a  misfortune  against  which  the 
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want  of  theory  is  not  always  a  complete  security. 
The  partialities  in  &voar  of  opinions  are  not  more 
dangeroos  than  the  pnrjadices  against  them ;  for 
sneh  is  the  spuit  of  aystem,  and  so  naturally  do  all 
men's  notions  tend  to  reduce  themselves  into  some 
r^;Qlar  form,  that  the  very  belief  that  there  can 
be  no  theory,  becomesa  theory  itself,  and  may  have 
no  inconsiderable  sway  over  the  mind  of  an  observer. 
Besides,  one  man  may  have  as  much  delight  in  pull- 
ing down,  as  another  has  in  building  up,  and  may 
choose  to  di^lay  his  dexterity  in  the  one  occupa- 
tion as  well  as  in  the  other.  The  want  of  theory, 
then,  does  not  secure  the  candour  of  an  observer, 
and  it  may  very  much  diminish  his  skilL  The  dis- 
cipline that  seems  best  calculated  to  promote  both| 
is  a  thorough  knowledge  of  the  methods  of  induc- 
tive investigation ;  an  acquaintance  with  the  history 
of  physical  discovery ;  and  the  careful  study  of 
those  sciences  in  which  the  rules  of  philosophising 
have  been  most  successfully  applied. 
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